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INTRODUCTION CL-GD5465 Technical Reference Manual 


1.1 


1.2 


1.3 


INTRODUCTION 


Scope of Document 


This manual provides technical discussion of the CL-GD5465 VisualMedia™ accelerator. This 
manual includes a detailed architectural and functional description, descriptions of each major 
component integrated into the device, detailed information on each register, and appendixes 
intended to assist hardware designers. 


Device Types Covered 
This manual documents the CL-GD5465 Revision A. 


Intended Audience 


This manual is intended for a technically sophisticated audience. It is assumed that the reader is 
familiar with assembly language programming on the 8088/8086, 80286/80386/80486, Pentium®, 
or similar microprocessor, and understands the fundamentals of video display technology. 


Hardware engineers should find Appendix D1, “Data Book” useful. It contains the pin diagram, 
detailed pin descriptions, and detailed DC and AC characteristics. All registers are described to 
the bit level in Chapters 3-10. In addition, the application notes in Appendix B1, B2, and B3 are 
helpful for board designs. Appendix B1 contains information regarding V-Port™ channel layout that 
helps in designing a board using the CL-GD5465. 


Software engineers should find the Chapters 13-19 useful for programming examples, BIOS, and 
driver-level codes. 
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1.4 Conventions 


This section lists the abbreviations and acronyms used in this manual. 


Table 1-1. Abbreviations 






































Symbol Units of measure 

°C degree Celsius 
Hz hertz (cycles per second) 

Kbyte kilobyte (1,024 bytes) 

kHz kilohertz 
kQ kilohm 

Mbyte megabyte (1,048,576 bytes) 

MHz megahertz (1,000 kilohertz) 
HF microfarad 
us microsecond (1,000 nanoseconds) 
mA milliampere 
ms millisecond (1,000 microseconds) 
ns nanosecond 
pV picovolt 














INTRODUCTION 


The use of ‘tod’ indicates values that are ‘to be determined’. ‘n/a’ designates ‘not available’, and 
‘n/c’ indicates a pin that is a ‘no connect’. ‘C’ lexical conventions (specifically, ‘”’ for exclusive-OR) 
are also used in this manual. 


Table 1-2. Acronyms 









































Acronym Definition 

AC alternating current 

AGP accelerated graphics port 

ALU arithmetic logic unit 

AN alphanumeric 

APA all points addressable 

ATE automatic test equipment 

BIOS basic input/output system 

BitBLT, BLT bit boundary block transfer 

bpp bits-per-pixel 

BSD buffer switch display 
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Table 1-2. Acronyms (cont.) 


Acronym 





Definition (cont.) 


























CAD computer-aided design 

CAS column address strobe 

CLUT color lookup table 

CMOS complementary metal- 
oxide semiconductor 

CRT cathode ray tube 

CRTC CRT controller 

CVGA color VGA 

DAC digital-to-analog converter 

DC direct current 
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Table 1-2. Acronyms (conit.) 













































































Acronym Definition (cont.) 
DCC display combination code 
DDA digital differential 
analysizer 

DDC display data channel/ 

DPMS display power 
management signaling 

DRAM dynamic random-access 
memory 

dword doubleword 

EDID extended display 
identification 

EPROM electrically programmable 
read-only memory 

EVAFC extended VESA® 
advanced feature 
connector 

EVGA extended VGA 

FIFO first in/first out 

GPIO general-purpose IO 

GSC graphics system controller 

GUI graphical user interface 

HIF host interface 

HRQ host read queue 

HSYNC/VSYNG horizontal/vertical 
synchronization 

HWQ host write queue 

IC integrated circuit 

V/O input/output 

LA interpolator lighting or alpha 
interpolator 

LBI local bus interface 

LSB least-significant bit 

LUT lookup table 

MA memory arbiter 

MBE multi-buffer enable 
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Table 1-2. Acronyms (cont.) 


MBitBLT 


Definition (cont.) 


byte BitBLT 





MC 


memory controller 





monochrome-to-color 
converter 





memory data 





memory-mapped I/O 





moving picture experts 
group 





most-significant bit 





operand fetch unit 


operand storage unit 





peripheral component 
interconnect 


programmable frequency 
synthesizer 





phase-locked loop 









































PM power management 

PQFP plastic quad-flat pack 

PV-Port physical V-Port 

qword two dwords 

RAC Rambus® access channel 
Rambus® ASIC cell 

RAM random-access memory 

RDRAM Rambus® dynamic 
random-access memory 

RFI radio frequency 
interference 

RGB red, green, and blue 

RIF Rambus® interface 

ROPs raster operations 

RSU result storage unit 

R/W read/write 

Sc serial clock 





Copyright 1997 — Cirrus Logic Inc. 





CL-GD5465 Technical Reference Manual 


Table 1-2. Acronyms (conit.) 





























Acronym Definition (cont.) 

SRAM static random-access 
memory 

SVGA super VGA 

TLUT texture lookup table 

TSR terminate and stay 
resident 

TTL transistor-transistor logic 

VBI vertical blanking interval 

VCR video cassette recorder 

VDD virtual device driver 

VESA® Video Electronics 
Standards Association 
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Table 1-2. Acronyms (cont.) 


Definition (cont.) 


video graphics array 





VL 


VESA® local 





VMI 


video module interface 





VRAM 


video random-access 
memory 





VSM 


video stream manager 





VV-Port 





virtual V-Port 


transparency write enable 





YUV 


luminance, chrominance 
red, chrominance blue 











Hexadecimal numbers are represented with all letters in uppercase and a lowercase ‘h’ is 
appended to them (for example, ‘14h’, ‘8A7h’, and ‘COOOh’ are hexadecimal numbers). Hexadeci- 
mal numbers may also be represented by prefixing them with ‘Ox’, the C coding convention. Binary 
numbers have a lowercase ‘b’ appended to them (for example, ‘01010100b’, ‘01000011b’). Num- 
bers not indicated by an ‘h’ or ‘b’ are decimal. 
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2. OVERVIEW 


The CL-GD5465 high-performance VisualMedia™ accelerator, based on the latest Rambus® tech- 
nology, offers VRAM performance at DRAM cost. The first Laguna family member, the 
CL-GD5462, includes a 64-bit GUI accelerator engine with multiple window video acceleration, an 
integrated palette DAC, clock synthesizers, and a glueless PCI/VESA® interface. Also included is 
the Enhanced V-Port™ that allows a GUI accelerator based on the CL-GD5462 to be easily 
expanded to include multimedia functions. 


The second member, the CL-GD5464, includes a 3D texture mapping and rendering engine, dis- 
play list instruction processing, and related features to bring realtime animation of realistic images 
to PC-class machines. 


The third member, the CL-GD5465, includes an AGP (accelerated graphics port) for increased 
host bandwidth, a completely redesigned V-Port and video window subsystem, and increased pre- 
cision for texture interpolation. 


2.1 Features 


Table 2-1 summarizes the major features of each member of the Laguna family of VisualMedia 
accelerators. 


Table 2-1. Laguna Features List 


Features 


Rambus® display memory (Mbytes) 


CL-GD5462 
1to8 


CL-GD5464 
1 to 8 


CL-GD5465 
1to8 





Rambus® channels 


{ 


{ 


1 





Concurrent RDRAM® support 


Vv 





Maximum resolution (8 bpp, non-interlaced) 


1600 x 1200 


1600 x 1200 


1600 x 1200 





Maximum true-color resolution (24 bpp, non-interlaced) 


1024 x 768 


1024 x 768 


1024 x 768 





GUI acceleration width (in bits) 


64 


64 


64 





Three-operand BitBLT 





Color expansion for 8-, 16-, 24-, and 32-bpp modes 





Integrated triple 8-bit DAC 





Hardware cursor 





Programmable dual-clock synthesizer 





General-purpose I/O port 


S/S) SN) S 7878 


S/N) SN) SN 7878 





Video Overlay Support 





Video playback acceleration 





X,Y interpolated scaling 


QI SESES|E SES] SY SUS 





Simultaneous occluded video screens 


— 





Mixed graphic/video formats in frame buffer (9-bit RDRAMs) 








Color key support 





QS) SNS] oe] S78 





QV) SN] Oe] SYS 
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Table 2-1. Laguna Features List (cont.) 

Features CL-GD5462 | CL-GD5464 | CL-GD5465 
YCrCb support Vv Vv Vv 
24-bit pixel bus (video playback width) v v v 
Maximum pixel clock 170 MHz 230 MHz 230 MHz 
Maximum memory clock 264 MHz 264 MHz 300 MHz 
‘Green PC’ power-saving features Vv Vv Vv 
Direct PCI bus interface (v2.1) with zero-wait-state burst v v v 
AGP interface Vv 
66 MHz Host Interface Support Vv 
Low-power CMOS, 208-pin PQFP package Vv Vv Vv 
Perspective, filtered, area-based texture mapping v v 
Internal texture cache and support for 4-, 8-, and 16-bpp texture V v 
maps 
4- and 8-bit indexed texture source to 16- and 24-bpp display V v 
modes 
Support for M x N power-of-two source maps up to 512 x 512 

Vv Vv 
texels 
Texture map source from system memory or RDRAM v v 
Extended texture mapping precision Vv 
Lighted and shaded textures with Gouraud ramp and transpar- V Vv 
ent texture support 
24-bit fractional component of texel addressing Vv 
Z-buffering compare depth >, =, <, <, = to source depth, source- V v 
to-mask, and set status event on depth compare 
Z storage and retrieval from either system memory or RDRAM v Vv 
PCI Bus Master mode for 2D/3D display list instruction fetch V Vv 
(Processor mode) and data fetch and store to system memory 
Command and data prefetching from system memory Vv v 
Display list (Processor mode) instruction fetch uses batch mode V v 
execution (runs in parallel with system CPU subsystem) 
Hardware paging scheme for operating systems which allocate 
fragmented memory spaces for instruction, texture, depth, and v v 
color data 
Display list screen event synchronization at line resolution v v 
Color compare events for display list instruction context switch- V V 
ing 
Double and multiple buffering support through instruction syn- V v 
chronization 
Polygon engine for XYZ DDA interpolation of randomly oriented Vv v 
triangles 
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Table 2-1. Laguna Features List (cont.) 


Features CL-GD5462 | CL-GD5464 | CL-GD5465 


Support for Gouraud shading in 8-, 16-, and 24-bpp display 


modes “ 





Specular lighting 





Point and line draw support via polygon engine DDAs 





Hardware dithering for 8-bpp monochrome 3:3:2 modes, and 
16-bpp 5:6:5 modes 


Floor + 1 correction for XOR alignment of triangle edges 








oe 


Color saturate and mask to high/low bounds 





YUV-to-RGB conversion in stretch engine path, supports 
MPEG textures 





Color keying for substitution of video on graphics 




















VIS} NS ESPEN NY SESYOS 


Chroma keying for substitution of graphics on video 
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2.2 


2.2.1 
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Introduction 


OVERVIEW 


The CL-GD5465 integrates the logic necessary for a flexible multimedia display system. This 
includes a 64-bit 2D/3D graphics engine, integrated palette DAC, Rambus® channel interface, and 
support logic described in the following sections. Figure 2-1 shows the glueless interfaces to the 
PCI bus, the Rambus display memory, the Enhanced V-Port, and the monitor. 


G 


ENERAL-PURPOSE 
/O PORT 


SERIAL (I2C) BUS 


: 








PCI/AGP BUS 





HOST 
HOST INTERFACE 








CL-GD5465 acy cable 
Vi 


itt 


MEMORY CONTROLLER 


SYNTHESIZER 


MEMORY CONFIG. 


oO 
a 
4 
Q 


DISPLAY PIPELINE 


VIDEO PIPELINE/ 
RAMDAC 


















2C PORT 


2D/3D ENGINE 


RDRAM 


VGA CORE 


REGISTERS 


(RAMBUS®) 





V-PORT™ RDRAM 




















Vv 
ENHANCED SYNCS 
V-PORT™ 





RGB 
MONITOR 


Figure 2-1. CL-GD5465 Block Diagram 


The following sections describe the integrated functional blocks of the CL-GD5465. There are con- 
ceptual block diagrams, not necessarily indicative of the actual implementation, with most of the 


descriptions. 
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2.2.2 


Host Interface 


The CL-GD5465 has a glueless interface that connects directly to any PCI/AGP host bus. Since 
all 32 address bits are available, no external address decoders are required and no address alias- 
ing occurs. Since all 32 data bits are available, no external buffers are required. 


The CL-GD5465 host interface is PCI v2.1- and AGP 1.0-compliant and supports zero-wait-state 
bursts at up to 33 MHz as a bus slave and bus master. The host interface meets the PCI single 
electrical load specification by buffering the address and data for the BIOS ROM. The CL-GD5465 
can provide the interface for an additional peripheral attached to the general-purpose 1I/O port 
while still meeting the single-load specification. 


Figure 2-2 on page 2-7 presents the functional units of the host interface. The command queue, 
read queue, bi-endian swap logic (for writes and reads), address decoder, and PCI control (target) 
units provide PCl-compliant target transfers of data to or from the CL-GD5465. The Prefetch unit 
and the PCI control (master) unit use PCI bus master cycles to fetch display list instructions and 
parameters from host system memory. Similarly, the HostXY and PCI control (master) units allow 
reads of texture maps stored in host memory and rendering (reads and writes) of a color buffer 
and Z buffer to host memory. 


The 8 x 42 command queue allows the CL-GD5465 as a target to release the host as soon as the 
transaction parameters have been recorded. This enables the host and media accelerator to oper- 
ate with a high degree of parallelism. 


The host address bus (or the address phase of the multiplexed AD bus) enters the address 
decoder where the CL-GD5465 determines if it is the target of the transaction about to occur. If it 
is the target of the transaction, the appropriate acknowledge lines are activated by the bus control 
block and the address is placed in the command queue along with a tag value that indicates the 
transaction type. 


Entries are removed from the command queue and passed on to the appropriate internal block for 
execution. If the command queue is full, the bus control unit inserts wait cycles until one or more 
free entries are available. 


Read transactions must be executed by the CL-GD5465 before the host can be released (since 
the data must be made available to the host). Generally, this requires a number of wait states. For 
BIOS reads, up to 4 bytes are assembled into the read queue before the data is placed on the data 
bus and the host is released. 


The prefetch unit is responsible for the fetch and pre-decode of display list instructions from host 
memory. Rendering instructions are forwarded to the 2D/3D engine by the command queue, 
whereas control instructions are executed immediately by the prefetch unit. To achieve maximum 
animation performance, internal interrupt or wait events, such as a display buffer switch or a 
VSYNC are handled by this unit. 


The HostXY unit translates texture or pixel transactions from the 2D/3D engine into PCI bus mas- 
ter transactions to the host memory, and checks that the addresses are in a valid range. Pixel or 
Z data writes are queued in the read queue for optimal performance. 


Both the prefetch and HostXY units contain virtual-to-physical address translation logic that reads 
a translation table from the host memory. 


Bi-endian swaps (dword or word) can occur (as needed) on data passing in either direction 
through the host interface. 
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2.2.3 


OVERVIEW 


The general-purpose |/O port is closely integrated with the host interface. If the CL-GD5465 is con- 
figured for general-purpose I/O port, accesses to a specific range of memory-mapped I/O offsets 
are converted into accesses to the local peripheral. 








































cL VMI HOST INTERFACE «<——»] GENERAL- 
| PURPOSE 
A : EPROMDATA Ke) 
DATA | 
BI-ENDIAN ti 
SWAP o 
} 
ADDRESS t “QUEUE 
PB BUS — < 
8x 43 
ADDRESS SELECTS 
DECODER 
BI-ENDIAN 
SWAP 
HOSTXY 
PCI BUS UNIT 
Bic CONTROL 
CONTROLS ENE) 
~<a 
cays 
NTROL 
PREFETCH 
v (MASTER) UNIT 





















Figure 2-2. Host Interface Block Diagram 


2D/3D Graphics Engine 








y 
HIF BUS 


The CL-GD5465 2D/3D graphics engine includes an advanced 64-bit three-operand BitBLT 
engine with stretch and shrink logic. The engine requires that parameters be loaded into various 
registers to define the operation. The operation is actually started by loading the appropriate 
Extent register. There is a 24-entry command buffer FIFO used by the interface to minimize reg- 
ister access time. In addition, all registers are double-buffered. 


Figure 2-3 on page 2-9 presents a functional block diagram of the CL-GD5465 2D/3D graphics 
engine. 


The 2D engine is built around three 64-bit-wide scratch pad memories labeled SRAM2, SRAM1, 
and SRAMO. Each SRAM cell has separate read and write ports. Data can be written into each 
SRAM from display memory and from the output of the pixel path (the result data). The SRAMs 
allow the pixel path logic to pipeline operations by acting as data reservoirs. 
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Data from the SRAMs can be manipulated in a number of ways, in the data flow, according to the 
details of the operation. Data can be converted from monochrome to color, aligned, and combined 
in any of the 256 possible ROPs. If a stretch BitBLT is occurring, pixels are generated by replica- 
tion or interpolation. If a shrink BitBLT is occurring, pixels are discarded or averaged. 


The outputs from the pixel path are buffered in the output FIFO, and can be directed to the frame 
buffer, host, or back to the top of data flow as necessary. 


The 3D graphics engine incorporated into the CL-GD5465 can draw randomly oriented triangles 
with Gouraud shading, texture mapping, alpha blending, and Z-buffering. The CL-GD5465 has 
support for copy, decal, blended 2D/3D, and modulated textures. It also has support for bilinear, 
bilinear mip-mapped, and trilinear textures. 


The 3D graphics engine typically operates in Display List mode, fetching instructions, and param- 
eters from system memory that it executes autonomously. When the 3D engine reaches the end 
of the display list, it generates an interrupt to the host, which can then start the engine on another 
display list. 


The display lists consist of the drawing instructions (DRAW_POINT, DRAW_LINE, and 
DRAW_POLYGON) and their parameters, as well as control instructions such as BRANCH, 
C_BRANCH, TEST, WAIT, and INTerrupt. 
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HIFBUS 





HIF INTERFACE 


3D INSTRUCTION 
DECODE AND EXECUTE 


TEXTURE | 
INTERPOLATORS 
AND TEXEL 
CACHE CONTROL 


2D PIXEL PATH 


RESULT 
FIFO 


MEMORY CONTROL UNIT 


























3D PARAMETER AND 
CONTROL REGISTERS 


X, Y, Z, R, G,B 
INTERPOLATORS 
XY CLIP, MASK 
AND Z COMPARE 
3D PIXEL PATH 
LIGHTING 
ALPHA BLENDING 



















RIFBUS 


RIF/RAC 


FRAME BUFFER 
Figure 2-3. 2D/3D Graphics Engine Block Diagram 
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Rambusé® Interface 


The CL-GD5465 connects directly to one Rambus channel that is capable of supplying burst data 
at up to 600 Mbytes per second. The block diagram in Figure 2-4 shows a single Rambus inter- 
face. 


Requests to access the Rambus interface come from each of the six modules (including memory 
refresh requests). These go into an arbitration unit that determines which requestor executes the 
next transaction. 


Once the request is granted, the Rambus state machine tests whether the row being accessed is 
currently in the row cache. In this case, the transaction occurs more quickly than otherwise. In 
either case, the request is executed, transferring up to 256 bytes. Then the arbitration unit deter- 
mines which requestor is next. 


The Rambus access cell actually connects to the Rambus control and data lines. The I/O cells in 
this module use the special Rambus low-swing logic levels. 


Ne ey a ad 
2D/3D ENGINE 
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REFRESH 
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REFRESH | 


be ee ee ed 


Figure 2-4. Rambus® Interface 
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VGA Core and Extended I/O 


The CL-GD5465 includes a VGA core and extended I/O logic that is compatible with the 
CL-GD542X VGA and CL-GD543X/’4X VGA families. The VGA core is also compatible with the 
industry-standard IBM VGA adapter. 


Figure 2-5 presents a functional block diagram of the VGA core and extended I/O logic. The VGA 
core contains the VGA-compatible access path to the frame buffer. This includes the VGA 
Sequencer and VGA Graphics Controller registers. Additional information on these blocks can be 
found in the CL-GD542XxX True Color VGA Family Technical Reference Manual. The descriptions 
of these registers can be found in Chapter 3, “VGA Core Registers”, of this manual. 


The Cirrus Logic Extended registers are contained in the extended I/O. These registers are 
described in Chapter 4, “Extended I/O Registers”. 


The extended I/O block allows the CPU to write or read anywhere in the frame buffer, indepen- 
dently of the BitBLT engine. 






HOST 
INTERFACE “> HOST INTERFACE LOGIC 


CIRRUS LOGIC 
EXTENDED 
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VGA CORE LOGIC 





| 
| 
| 
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Figure 2-5. VGA and Direct Frame Buffer Access 
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2.2.6 


2.2.7 


2.2.8 


Display Pipeline and Display FIFO 


The CL-GD5465 contains a VGA display pipeline that corresponds approximately to the logic 
driven by the VGA Attribute Controller registers. This subset of the CL-GD5465 display path is 
compatible with the IBM VGA standard and is used for the standard video modes 0-13h. 


The graphics pipeline is used in Extended modes, and supports color space interpolation and con- 
version, color expansion, multiple hardware windows, and pixel replication and interpolation. 


VGA 
DISPLAY 
PIPELINE 


VGA AND CRT 


EXTENDED 
REGISTERS CONTROLLER 







TIMING 





RAMDAC 


FRAME 
BUFFER GRAPHICS PIPELINE 


Figure 2-6. Display Path and Display FIFO 


Enhanced V-Port™ 


The enhanced V-Port provides for capture and display of realtime digitized video. In addition to 
supporting the industry-standard VGA feature connector, the enhanced V-Port also supports cap- 
ture and display of video from a camera, a TV decoder, or an MPEG decoder. 


The enhanced V-Port captures video in off-screen buffers from which it is displayed with resizing 
and color space conversion. Once initiated, capture and display occurs with a minimum of host 
intervention. This can include double buffering. The I2C serial interfaces provide a method of con- 
trolling a video decoder from the host, as well as DDC2B monitor interfacing. 


Palette DAC 


The CL-GD5465 palette DAC consists of a very fast SRAM and three 8-bit DACs. The SRAM con- 
sists of three individually addressable arrays, each with 256 plus 16 eight-bit entries. Each DAC is 
made up of 256 current sources; the input to each DAC determines how many current sources are 
turned on for each pixel. 


The SRAM is used for 8-bpp palettized modes (for example, 1024 x 768 x 256 colors) and for other 
modes when gamma correction is enabled. In 8-bpp palettized modes, the pixel value is used to 
access one of the 256-color triplets in the SRAM. Each value in the color triplet is directed to one 
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of the three DACs: Red, Green, and Blue. Since the values were stored as 6-bit values, they must 
be left-shifted two bit positions to allow full-scale outputs from the 8-bit DACs. 


In modes with gamma correction, each of the three color values is used to access one of the 256 
entries in each of three sections of the SRAM. The values in these three entries are directed to 
the three DACs. 


For all modes other than 8-bpp palettized and modes with gamma correction, the pixel value itself 
is directed to the three DACs. The number of bits directed to each DAC depends on the mode, and 
can vary from five (16-bpp RGB) to eight (24-bpp RGB). In each of these modes, the bits are 
scaled so that they drive the most-significant bit positions of the respective DACs. 


The current reference for the DACs is integrated and requires only an external resistor. 


(256 + 16) x8 


ScD RED 
(256 + 16) x8 

eArEN GREEN 
(256 + 16) x8 BLUE 


BLUE 








Figure 2-7. Palette DAC 


Programmable Synthesizers 


There are two frequency synthesizers on the CL-GD5465; one for the pixel (video) clock and the 
CRTC timing, and one for Rambus. Each synthesizer has a PLL to multiply the 14.31818-MHz ref- 
erence to the appropriate frequency. 


The pixel clock is programmed to a frequency appropriate for the current video mode; this can be 
as low as 12.5 MHz or as high as 230 MHz. For very high pixel rates, the synthesizer is pro- 
grammed to one-half of the pixel rate and a final frequency doubling occurs in the palette DAC. 


The Rambus clock synthesizer is typically programmed between 258 MHz and 286 MHz, depend- 
ing on the speed class of the installed RDRAM devices. 
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2.2.10 CRT Controller 


The CRTC is compatible with the IBM VGA CRTC (and has additional most-significant bits for 
some of the values). A functional block diagram of the CRTC is shown in Figure 2-8. 


The horizontal timing is generated by counting a character clock that is typically one-eighth of the 
pixel clock. That is, the horizontal timing generator typically counts once for every eight pixels. The 
horizontal timing generator makes horizontal sync and horizontal blank timing. 


The vertical timing is generated by counting scanlines in the form of horizontal sync pulses. The 
vertical timing generator makes vertical sync and vertical blank timing. Vertical blank timing is log- 
ically OR’ed with horizontal blank timing to produce a composite blank. 




















CHARACTER > HSYNC 
CLOCK HORIZONTAL 

TIMING 

VERTICAL 

TIMING = yauNe 








Figure 2-8. CRT Controller 


2.2.11 12C (Serial) Ports 


The two IC (serial) ports each consists of two software-controlled, open-collector outputs that can 
be controlled with register bits and whose levels can be sensed. One interface, together with the 
controlling software supplied by Cirrus Logic, implements an |2C interface for DDC2B. A second 
interface can be used to control devices such as a television tuner. 
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2.2.12 General-Purpose I/O Port 


2.3 


The pins that are used to access the BIOS ROM can be reused as a general-purpose I/O port after 
the BIOS ROM has been read and stored in system memory. 


Two configuration pins determine the general-purpose I/O port operating mode: none, VMI Mode 
A, or VMI Mode B. 


The hardware interface is shown in Figure 2-9. The details of the pins depend on the mode that is 
configured. There are four address bits, three control bits, and eight bidirectional data bits. 


ADDRESS (FOUR BITS) 
CONTROLS 


| 
| 
| 
| 
CL-GD5465 HANDSHAKE LOCAL 
Ix PERIPHERAL 

| 

| 

| 

| 





DATA (EIGHT BITS) 


Figure 2-9. General-Purpose I/O Port 


Hardware/Software Compatibility 


Compatibility is a key item in the architecture of the CL-GD5465. On the hardware side, the 
CL-GD5465 provides truly glueless interfaces to PCI, one or two Rambus channels, industry-stan- 
dard monitors, and a VESA standard feature connector interface. 


On the software side, the CL-GD5465 is software compatible with the IBM VGA standard, and reg- 
ister compatible with industry-standard VGA. Cirrus Logic provides a VGA-compatible BIOS with 
VESA extensions, as well as drivers for the many industry-standard GUI interfaces (such as 
Microsoft® Windows® v3.x, Windows® 95, Microsoft NT, Microsoft DirectDraw™, and IBM® 
OS/2®). 
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2.4 Graphics Subsystem Architecture 


Figure 2-10 shows the main components required to implement a functional graphics subsystem 
using the CL-GD5465. The CL-GD5465 is combined with RDRAM and connected to a PCI bus 
and a monitor to provide a small, cost-effective video subsystem. When an adapter card is built 
around the CL-GD5465, a BIOS ROM is required. When the video capture capability of the 
CL-GD5465 is used, the V-Port bus connections must be made. 


V-PORT™ BUS 


SYSTEM BUS CL-GD5465 
PCI/AGP BUS 
MONITOR 





Figure 2-10. Video Subsystem Architecture 
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The VGA Core registers in the CL-GD5465 are summarized in Table 3-1. These are the registers 
that were defined in the IBM VGA. Some of these registers are accessible as memory-mapped I/O 


locations; the offset is indicated in the MMIO offset column. 



















































































Table 3-1. VGA Core Registers Quick Reference 

Register Name /O Port Index pea a Page 
MISC: Miscellaneous Output 3C2h (write) - 80h 8 3-5 
MISC: Miscellaneous Output 3CCh (read) - 80h 8 3-5 
FC: Feature Control 3DAh (write)@ - - 8 3-7 
FC: Feature Control 3CAh (read) - - 8 3-7 
FEAT: Input Status Register 0 3C2h - - 8 3-8 
STAT: Input Status Register 1 3DAh - - 8 3-9 
Pixel Mask 3C6h - AOh 8 3-10 
Palette Address (Read mode) 3C7h (write) - A4h 8 3-11 
DAC State 3C7h (read) - A4h 8 3-12 
Palette Address (Write mode) 3C8h (write) - A8h 8 3-13 
Pixel Data 3C9h - ACh 8 3-14 
SRX: Sequencer Index 3C4h - - 8 3-15 
SRO: Sequencer Reset 3C5h 00h - 8 3-16 
SR1: Sequencer Clocking Mode 3C5h Oih - 8 3-17 
SR2: Sequencer Plane Mask 3C5h 02h - 8 3-18 
SR3: Sequencer Character Map Select 3C5h 03h - 8 3-19 
SR4: Sequencer Memory Mode 3C5h 04h - 8 3-21 
CRX: CRTC Index 3D4h - - 8 3-22 
CRO: CRTC Horizontal Total 3D5h 00h 00h 8 3-25 
CR1: CRTC Horizontal Display End 3D5h Oth 04h 8 3-26 
CR2: CRTC Horizontal Blanking Start 3D5h 02h 08h 8 3-27 
CR3: CRTC Horizontal Blanking End 3D5h 03h OCh 8 3-28 
CR4: CRTC Horizontal Sync Start 3D5h 04h 10h 8 3-29 
CR5: CRTC Horizontal Sync End 3D5h 05h 14h 8 3-30 
CR6: CRTC Vertical Total 3D5h 06h 18h 8 3-31 
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Table 3-1. VGA Core Registers Quick Reference (cont) 










































































Register Name /O Port Index pave a Page 
CR7: CRTC Overflow 3D5h 07h 1Ch 8 3-32 
CR8: CRTC Screen A Preset Row Scan 3D5h 08h 20h 8 3-33 
CR9: CRTC Character Cell Height 3D5h 09h 24h 8 3-34 
CRA: CRTC Text Cursor Start 3D5h OAh 28h 8 3-35 
CRB: CRTC Text Cursor End 3D5h OBh 2Ch 8 3-36 
CRC: CRTC Screen Start Address High 3D5h O0Ch 30h 8 3-37 
CRD: CRTC Screen Start Address Low 3D5h ODh 34h 8 3-38 
CRE: CRTC Text Cursor Location High 3D5h OEh 38h 8 3-39 
CRF: CRTC Text Cursor Location Low 3D5h OFh 3Ch 8 3-40 
CR10: CRTC Vertical Sync Start 3D5h 10h 40h 8 3-41 
CR11: CRTC Vertical Syne End 3D5h 11h 44h 8 3-42 
CR12: CRTC Vertical Display End 3D5h 12h 48h 8 3-43 
CR13: CRTC Offset 3D5h 13h 4Ch 8 3-44 
CR14: CRTC Underline Row Scanline 3D5h 14h 50h 8 3-45 
CR15: CRTC Vertical Blank Start 3D5h 15h 54h 8 3-46 
CR16: CRTC Vertical Blank End 3D5h 16h 58h 8 3-47 
CR17: CRTC Mode Control 3D5h 17h 5Ch 8 3-48 
CR18: CRTC Line Compare 3D5h 18h 60h 8 3-50 
CR22: Graphics Data Latches Readback 3D5h 22h - 8 3-51 
CR24: Attribute Controller Toggle Readback 3D5h 24h - 8 3-52 
CR26: Attribute Controller Index Readback 3D5h 26h 7 8 3-53 
GRX: Graphics Controller Index 3CEh = = 8 3-54 
GRO: Graphics Controller Set/Reset 3CFh 00h - 8 3-55 
GR1: Graphics Controller Set/Reset Enable 3CFh Oth - 8 3-56 
GR2: Graphics Controller Color Compare 3CFh 02h - 8 3-57 
GR3: Graphics Controller Data Rotate 3CFh 03h - 8 3-58 
GR4: Graphics Controller Read Map Select 3CFh 04h - 8 3-59 
GR85: Graphics Controller Mode 3CFh 05h - 8 3-60 
GR6: Graphics Controller Miscellaneous 3CFh 06h - 8 3-62 
GR7: Graphics Controller Color Don’t Care 3CFh O7h - 8 3-63 
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Table 3-1. VGA Core Registers Quick Reference (cont) 




















Register Name /O Port Index prniee a Page 
GR8: Graphics Controller Bit Mask 3CFh 08h - 8 3-64 
ARxX: Attribute Controller Index 3C0h/3C 1h - 7Ch 8 3-65 
ARO-APF: Attribute Controller Palette 3C0h/3C1h 00h-OFh = 8 3-66 
AR10: Attribute Controller Mode 3C0h/3C1h 10h = 8 3-67 
AR11: Overscan (Border) Color 3C0h/3C 1h 11h - 8 3-69 
AR12: Color Plane Enable 3C0h/3C 1h 12h - 8 3-70 
AR13: Pixel Panning 3C0h/3C 1h 13h = 8 3-71 
AR14: Color Select 3C0h/3C1h 14h = 8 3-72 





























a When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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MISC: Miscellaneous Output Register 


I/O Port Address: PCI 3C2h (write), 3CCh (read) 
Index - 
Size (bits) 8 
MMIO Offset 80h 
Access Type Read/Write 
Bit Description 
7 Vertical Sync Polarity 
6 Horizontal Sync Polarity 
5 Page Select 
4 Reserved 
3:2 Clock Select [1:0] 
1 Enable Display Memory 
0 CRTC I/O Address 


This is one of the standard VGA registers. This register is accessible at MMIO offset 80h and the 
standard I/O addresses. 


Bit 
7 


Description 


Vertical Sync Polarity: If this bit is ‘0’, the vertical sync is a normally low signal, 
going high to indicate the beginning of sync time. If this bit is ‘1’, the vertical sync 
is a normally high signal, going low to indicate the beginning of sync time. 


Horizontal Sync Polarity: If this bit is ‘0’, the horizontal sync is a normally low sig- 
nal, going high to indicate the beginning of sync time. If this bit is ‘1’, the horizontal 
sync is a normally high signal, going low to indicate the beginning of sync time. 
For some monitors, the polarity of vertical and horizontal sync indicate the number 
of scanlines per frame as summarized below: 











MISC[7] MISC[6] Vertical Size 
0 (+) 0 (+) Reserved 
0 (+) 1 (-) 400 
1 (-) 0 (+) 350 
1(-) VE) 480 
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3.1 MISC: Miscellaneous Output Register (cont.) 


Bit 
5 


May 1997 


Description 


Page Select: This bit affects the meaning of the least-significant bit of the display 
memory address when in Even/Odd modes (SR4[2] = 1). If this bit is ‘0’, only odd 
memory locations are selected. If this bit is ‘1’, only even memory locations are 
selected. 


NOTE: This bit is effective in modes 6, D, E, 11, and 12. This bit is ignored if the Chain 
Odd Maps to Even (GR6[1]), or Chain4 (SR4[3]) bits are enabled. 


Reserved 


Clock Select [1:0]: This 2-bit field is used to select among the four VCLK frequen- 
cies, as shown in the following table: 














EDCLK# | Clock Select [1:0] VCLK Source Default Frequency 
1 00 VCLKO 25.180 MHz 
1 01 VCLK1 28.325 MHz 
1 10 VCLK2 41.165 MHz 
1 11 VCLK3 36.082 MHz 
G a and CRTC counters ~ 























NOTE: Refer to the “2D PROGRAMMER’S GUIDE” chapter, for programming VCLK fre- 
quencies other than those in the table above. 


Enable Display Memory: If this bit is ‘0’, the CL-GD546X does not respond to any 
access to display memory. If this bit is ‘1’, the CL-GD546X responds normally to 
accesses to display memory. 


CRTC I/O Address: This bit selects I/O addresses for either Monochrome or Color 
mode. The affected addresses are summarized in the table below: 





























MISC[0] ISR/FC CRTC Index CRTC Data Mode 
0 3BA 3B4 3B5 Monochrome 
1 3DA 3D4 3D5 Color 
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FC: Feature Control Register 


I/O Port Address: PCI 3DAh (write), 3CAh (read) 
Index - 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description Reset State 
7:4 Reserved 
3 VSYNC Control 0 
2:0 Reserved 


This is one of the original IBM PC registers. 


Bit Description 
7:4 Reserved 
3 VSYNC Control: If this bit is ‘1’, VSYNC is logically OR’ed with Display Enable (an 


internal signal) prior to going to the VSYNC pin. 
If this bit is ‘0’, VSYNC is unchanged. 


2:0 Reserved 


NOTE: ‘?’in the above register addresses is ‘B’ in Monochrome mode and ‘D’ in Color mode. 
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3.3 FEAT: Input Status Register 0 


I/O Port Address: PCI 3C2h 
Index - 
Size (bits) 8 
MMIO Offset - 
Access Type Read only 
Bit Description 
7 Interrupt Pending 
6:5 Reserved 
4 DAC Sensing 
3:0 Reserved 
This is one of the registers in the IBM VGA. Only a couple of bits retain any meaning. This register 
is a read only. 
Bit Description 
7 Interrupt Pending: If this bit is ‘1’, an interrupt request is pending. If this bit is ‘0’, 


no interrupt is pending. See the description of CR11 on page 3-42 for more infor- 
mation regarding the CL-GD546X interrupt system. 


6:5 Reserved 

4 DAC Sensing: This read-only bit is used by the Cirrus Logic BIOS to determine 
whether a monitor is connected and if so, whether it is color or monochrome. 

3:0 Reserved 
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STAT: Input Status Register 1 


I/O Port Address: PCI 3DAh 
Index - 
Size (bits) 8 
MMIO Offset = 
Access Type Read only 

Bit Description 

7:6 Reserved 

5:4 Diagnostic [1:0] 

3 Vertical Retrace 

2:1 Reserved 

0 Display Enable 


This read-only register contains some VGA Status bits. 


Bit Description 
7:6 Reserved 
5:4 Diagnostic [1:0]: These bits follow two of eight outputs of the Attribute Controller. 


The selection is made according to AR12[5:4] (Color Plane Enable register) as indi- 
cated in the following table: 
































AR12[5] AR12[4] STAT[5] STAT[4] 
0 0 P[2] P[0] 
0 1 P[S] P[4] 
1 0 P[3] P[1] 
1 1 P[7] P[6] 
3 Vertical Retrace: ‘1’ indicates that vertical retrace is in progress. 
2:1 Reserved 
0 Display Enable: If this bit is read as ‘0’, video is being serialized and displayed. If 


this bit is read as ‘1’, vertical or horizontal blanking is active. 


NOTE: ‘?’in the above register addresses is ‘B’ in Monochrome mode and ‘D’ in Color mode. 
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3.5 Pixel Mask Register 


I/O Port Address: PCI 3C6h 
Index - 
Size (bits) 8 
MMIO Offset AOh 
Access Type Read/Write 
Bit Description 
7:0 Pixel Mask [7:0] 


The bits in this register form the pixel mask for the palette DAC. This is typically programmed to all 
‘1’s by the Cirrus Logic BIOS. This register is accessible at MMIO offset AOh and the standard VGA 


I/O address. 

Bit Description 

7:0 Pixel Mask [7:0]: This field is the pixel mask for the palette DAC. If a bit in this field 
is ‘0’, the corresponding bit in the pixel data is ignored in looking up an entry in the 
LUT. 
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Palette Address Register (Read Mode, Write Only) 


I/O Port Address: PCI 3C7h 
Index - 
Size (bits) 8 
MMIO Offset A4h 
Access Type Write only 
Bit Description 
70 Palette Address (Read mode) [7:0] 


The bits in this write-only register specify the address (Read mode) for the palette. This is used to 
specify the entry to be read in the LUT. This register is accessible at MMIO offset A4h and at the 
standard VGA address. 


Bit Description 
7:0 Palette Address (Read mode) [7:0]: This field is the address (Read mode) for the 


LUT. This address is incremented after every third read of the Pixel Data register. 
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3.7 DAC State Register (Read Only) 


I/O Port Address: PCI 3C7h 
Index - 
Size (bits) 8 
MMIO Offset A4h 
Access Type Read only 
Bit Description 
7:2 Reserved 
1:0 DAC State [1:0] 


The bits in this read-only register indicate whether a read or a write occurred last to the LUT. This 
register is accessible at MMIO offset A4h and at the standard VGA address. 


Bit Description 
7:2 Reserved 
1:0 DAC State [1:0]: This field indicates whether the Palette Address (Read) register 


or the Palette Address (Write) register was accessed last. These two bits are 
always the same. If they are ‘0,0’, a write operation is in progress. If they are ‘1,1’, 
a read operation is in progress. The same information is available from the Palette 
State register at MMIO offset BOh. 


May 1997 3-12 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual VGA CORE REGISTERS 


3.8 Palette Address Register (Write Mode, Write Only) 


I/O Port Address: PCI 3C8h 
Index - 
Size (bits) 8 
MMIO Offset A8h 
Access Type Write only 
Bit Description 
7:0 Palette Address (Write mode) [7:0] 


The bits in this register form the address (Write mode) for the palette DAC. This is used to specify 
the entry to be written in the LUT. This register is accessible at MMIO offset A8h and at the stan- 
dard VGA address. 


Bit Description 


7:0 Palette Address (Write mode) [7:0]: This field is the Palette Address (Write 
mode) for the LUT. This address is incremented after every third write to the Pixel 
Data register. 


Copyright 1997 — Cirrus Logic Inc. 3-13 May 1997 


VGA CORE REGISTERS CL-GD5465 Technical Reference Manual 


3.9 Pixel Data Register 


I/O Port Address: PCI 3C9h 
Index - 
Size (bits) 8 
MMIO Offset ACh 
Access Type Read/Write 
Bit Description 
7 Pixel Data [7:0] 


This is the Pixel Data register for the palette DAC. This read/write register is accessible at MMIO 
offset ACh and at the standard VGA address. 


Bit Description 
7:0 Pixel Data [7:0]: This 8-bit field is the pixel data for the palette DAC. Prior to writing 


to this register, 3C8h is written with the first or only palette address. Then three val- 
ues, corresponding to red, green, and blue are written to this address. 

Following the third write, the values are actually transferred to the LUT and the pal- 
ette address is incremented in case the values for the next address are to be writ- 
ten. 

Prior to reading from this register, 3C7h is written with the first or only palette 
address. Then three values can be read from this address. The three values corre- 
spond to red, green, and blue. Following the third read, the palette address is incre- 
mented in case the values for the next address are to be read. 
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3.10 SRX: Sequencer Index Register 


I/O Port Address: PCI 3C4h 
Index - 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
75 Reserved 
4:0 Sequencer Index [4:0] 


This register specifies the register in the sequencer block to be accessed by the next I/O read or 
write to address 3C5h. Indices greater than five point to the registers defined in Chapter 4, 
“Extended I/O Registers”. 


Bit Description 
7:5 Reserved 
4:0 Sequencer Index [4:0]: This field selects the register to be accessed with the next 


I/O read or I/O write to 3C5h. 
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3.11 SRO: Sequencer Reset Register 


I/O Port Address: PCI 3C5h 
Index 00h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description Reset State 
7:2 Reserved 
1 Synchronous Reset 1 
0 Asynchronous Reset 1 


This register is used to reset the sequencer. These bits are for compatibility only and never need 
to be used in the CL-GD546xX. 


Bit 
7:2 
1 


May 1997 


Description 


Reserved 


Synchronous Reset: If this bit is ‘0’, the sequencer is cleared and halted. This dis- 
ables screen refresh and display memory refresh. If this bit is ‘1’, the sequencer 
operates normally if SRO[O] is ‘1’. 

Asynchronous Reset: If this bit is ‘0’, the sequencer is cleared and halted. In addi- 
tion, SR3 is cleared. If this bit is ‘1’, the sequencer operates normally if SRO[1] is ‘1’. 
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3.12 SR1: Sequencer Clocking Mode Register 


I/O Port Address: PCI 3C5h 
Index O1h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 

Bit Description 

7:6 Reserved 

5 Full Bandwidth 

4 Shift and Load 32 

3 Dot Clock + 2 

2 Shift and Load 16 

1 Reserved 

0 8/9 Dot Clock 


This register is used to control some miscellaneous functions in the sequencer. 


Bit 
7:6 
5 


Description 


Reserved 


Full Bandwidth: If this bit is ‘1’, screen refresh stops. This allows the CPU to use 
nearly 100 percent of the display memory bandwidth. HSYNC and VSYNC con- 
tinue normally and display memory refresh continues. BLANK# goes active and 
stays active. If this bit is ‘0’, the CL-GD546X operates normally. 


Shift and Load 32: This bit, in conjunction with bit 2 of this register, controls the 
Display Data Shifters in the graphics controller as shown below: 





SR1[4] SR1[2] Data Shifters Loaded 
0 0 Every character clock 
0 1 Every second character clock 
1 X Every fourth character clock 




















Dot Clock = 2: If this bit is ‘1’, the VCLK is divided by two to generate DCLK. This 
is used for low-resolution video modes such as 0, 1, 4, 5, and D. If this bit is ‘0’, the 
master clock is not divided by two. 

Shift and Load 16: See the description of bit 4 of this register. 

Reserved 


8/9 Dot Clock: If this bit is ‘1’, DCLK is divided by eight to generate the character 
clock. If this bit is ‘0’, DCLK is divided by nine to generate the character clock. This 
is used for 720 x 350 and 720 x 400 resolution AN (alphanumeric) modes. 
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3.13 SR2: Sequencer Plane Mask Register 


I/O Port Address: PCI 3C5h 
Index 02h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:0 Map Enable [8:0] 


This register is used to enable or disable writing to the four planes of display memory. 


Bit Description 
7:4 Reserved 
3:0 Map Enable [3:0]: These four bits are used to individually control whether bit 


planes 3:0 are written with Write modes 0 through 3. 
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3.14 SR3: Sequencer Character Map Select Register 




















I/O Port Address: PCI 3C5h 
Index 03h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5 Secondary Map Select [0] 
4 Primary Map Select [0] 
3:2 Secondary Map Select [2:1] 
1:0 Primary Map Select [2:1] 
This register specifies the primary and secondary character sets (fonts). This is used only for text 
modes. 
Bit Description 
7:6 Reserved 
Bi .oie Secondary Map Select [2:0]: These three bits select the Secondary Character 
Map according to the following table: 
SR3[5] SR3[3] SR3[2] Map Offset 
0) 0 0 0 OK 
0) 0 1 1 16K 
0 1 0) 2 32K 
0 1 1 3 48K 
1 0) 0 4 8K 
1 0 1 5 24K 
1 1 0 6 40K 
1 1 1 7 56K 


























Copyright 1997 — Cirrus Logic Inc. 3-19 May 1997 


VGA CORE REGISTERS CL-GD5465 Technical Reference Manual 


3.14 SR3: Sequencer Character Map Select Register (cont.) 









































Bit Description 
according to the following table: 
SR3[4] SR3[1] SR3[0] Map Offset 
0 0 0 0 OK 
0 0 1 1 16K 
0 1 0 2 32K 
0 1 1 3 48K 
1 0 0 4 8K 
1 0 1 5 24K 
1 1 0 6 40K 
1 1 1 7 56K 
NOTES: 


1) 


2) 


May 1997 


In text modes, the ASCII text character is stored in Plane 0, the attribute is stored in Plane 1, and the 
font is stored in Plane 2. 


Bit 3 of the Attribute byte normally controls the intensity of the foreground color. This bit can be redefined 
to be a switch between character sets, allowing 512 displayable characters. This switch is enabled 
whenever there is a difference between the values of the Primary Map Select and Secondary Map 
Select, and SR4[1] is ‘1’. 

The format of the Plane 2 Font Address bits 15:0 is: 

FO F1 F2 C7 C6 C5 C4 C3 C2 C1 CO R4 R3 R2 R1 RO, 

where F[2:0] is the Character Map Select, C[7:0] is the ASCII character, and R[4:0] is the character row 
(scanline in the character cell). 
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3.15 SR4: Sequencer Memory Mode Register 


I/O Port Address: PCI 3C5h 
Index 04h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 

Bit Description 

7:4 Reserved 

3 Chain4 

2 Odd/Even 

1 Extended Memory 

0 Reserved 


This register is used to control some miscellaneous functions in the sequencer. 


Bit 
7:4 
3 


Description 
Reserved 


Chain4: If this bit is ‘1’, AO provides Plane Select bit 0, and A1 provides Plane 
Select bit 1. This has an effect similar to Odd/Even mode, except that both A1 and 
AO are used. This bit takes priority over SR4[2] (Odd/Even) and GR5[4]. There is 
not a separate bit in the graphics controller to select Chain4 as is the case with the 
Odd/Even bit. The Graphics Controller Read Map register (GR4) is ignored when 
this bit is ‘1’. 

Odd/Even: If this bit is ‘0’, the sequencer is put into Odd/Even mode. Even CPU 
addresses access Planes 0 and 2; odd CPU addresses access Planes 1 and 3. 
This bit must be ‘0’ for text modes. The value of this bit must track GR5[4] 
(Odd/Even). The values are always opposite. 


Extended Memory: If this bit is ‘0’, the effective memory size is 64K, regardless of 
the memory actually installed. EGA modes require this to be the case. If this bit is 
‘1’, the effective memory size is equal to the actual memory installed. 


Reserved 
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3.16 CRX: CRTC Index Register 


I/O Port Address: PCI 3D4h 
Index - 
Size (bits) 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5:0 CRTC Index [5:0] 


This register specifies the register in the CRTC block to be accessed by the next I/O read or I/O 
write to address 3D5h. The registers with indices greater than 18h (except CR22, CR24, and 
CR26) are described in Chapter 4, “Extended I/O Registers”. 


Bit Description 
7:6 Reserved 
5:0 CRTC Index [5:0]: This value points to the register to be accessed in the next I/O 


read or I/O write to address 3D5h. 
NOTE: Registers above 18h were never documented by IBM. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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CRO (H TOTAL) 
CR3 (H BLANKING END) 
CR5 (H RETRACE END) 
CR4 (H RETRACE START) 
CR2 (H BLANKING START) 


CR1 (H DISPLAY END) | 
= ——_  _—— Hh 


ACTIVE DISPLAY SCREEN 


Spe heeds 2 ROOM BORDERS fs otis jot i zi 
DISPLAY BLANKED 
VERTICAL RETRACE (SYNC) 
DISPLAY BLANKED 


TOP BORDER 





A - CR6 (V TOTAL) 

B - CR16 (V BLANKING END) 

C - CR11 (V RETRACE END) 

D - CR10 (V RETRACE START) 
E - CR15 (V BLANKING START) 
F - CR12 (V DISPLAY END) 

G- RIGHT BORDER 

H - DISPLAY BLANKED 

| - HORIZONTAL RETRACE (SYNC) 
J - DISPLAY BLANKED 

K - LEFT BORDER 


Figure 3-1. CRTC Timing Registers 
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The Extension and Overflow bits are organized by parameter and bit position in Table 3-2. 


Table 3-2. Summary of CRTC Timing Registers 

















Parameter 10 9 8 7 6 5 4:0 
fHtota =| iT Sst} | CRO] | crops) | CROs} | CRO[A-0) | 
H Display End CR1E[6] | CRI[7] CR1[6] CR1[5] CR1[4:0] 

H Blank Start CRI1E[5] | CR2{[7] CR2[6] CR2[5] CR2[4:0] 
H Blank End CR1A[5] | CRIA[4] | CR5I[7] CR3[4:0] 
H Sync Start CRIE[4] | CR4[7] CR4[6] CR4[5] CR4[4:0] 
H Sync End CR5[4:0] 
V Total CRIE[3] | CR7[5] CR7[0] CR6[7] CR6[6] CR6[5] CR6[4:0] 





V Display End | CRIE[2] | CR7(6] CR7[1] | CR12{7] | CR12[6] | CR12[5] | CR12[4:0] 





V Blank Start CRIE[1] | CR9[5] CR7[3]_ | CR15[7] | CR15[6] | CR15[5] | CR15[4:0] 














V Blank End CR1A[7] | CR1A[6] CR16[7] CR16[6] | CR16[5]) | CR16[4:0] 
V Sync Start CR1E[0] CR7[7] CR7[2] CR10[7] CR10[6] | CR10[5) | CR10[4:0] 
V Sync End CR11[3:0] 
Line Compare CR9[6] CR7[4] CR18[7] CR18[6] | CR18[5] | CR18[4:0] 
Offset CR1iD[0] | CR1B/4] CR13[7] CR13[6] | CR13[5] | CR13[4:0] 



































The Extension and Overflow bits for the Screen Start A value are shown in Table 3-3. 
Table 3-3. Screen Start A Extensions 


7:0 








CR1D[4:3] CRI1BI3:2] CR1Bi0] CRC[7:0] CRDI7:0] 











In 8-, 16-, 24-, and 32-bits-per-pixel Extended Display Modes, the least-significant bits of the dis- 
play start address is programmed into CROD as follows: 


Table 3-4. Programming CROD is Extended Display Modes 
Tiling Case 


Tiling disabled 





128-byte-wide tiles enabled 




















256-byte-wide tiles enabled 








Where ‘0’ is Ob, —’ is not used, and ‘X’ is either ‘0’ or ‘1’ as appropriate. 
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3.17 CRO: CRTC Horizontal Total Register 


I/O Port Address: PCI 3D5h 
Index 00h 
Size (bits) 8 
MMIO Offset 00h 
Access Type Read/Write 
Bit Description 
7:0 Horizontal Total [7:0] 


This register specifies the total number of character clocks per horizontal period. 


Bit Description 
7:0 Horizontal Total [7:0]: This register specifies the total number of character clocks 


per horizontal period. This is extended to nine bits with CR1E[7]. The character 
clock (derived from the VCLK according to the character width) is counted in the 
character counter. The value of the character counter is compared with the value 
in this register to provide the basic horizontal timing. All horizontal and vertical tim- 
ing is eventually derived from this register. The value in the register is “Total number 
of character times minus five’. 

Figure 3-1 indicates how the horizontal and vertical timing is defined. The horizon- 
tal timing is calculated in terms of character clock periods and the vertical timing is 
calculated in terms of horizontal periods. Table 3-2 indicates how the various 
CRTC Timing registers are extended. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.18 CR1: CRTC Horizontal Display End Register 


I/O Port Address: PCI 3D5h 

Index Oih 

Size (bits) 8 

MMIO Offset 04h 

Access Type Read/Write 
Bit Description 
7:0 Horizontal Display End [7:0] 


This register specifies the number of character clocks during horizontal display time. 


Bit Description 
7:0 Horizontal Display End [7:0]: This register specifies the number of character 


clocks during horizontal display time. This is extended to nine bits with CR1E[6]. 
For text modes, this is the number of characters; for graphics modes, this is the 
number of pixels in each scanline divided by the number of pixels in each character 
clock. The number is usually eight, but can be 16 for modes that use clock doubling. 
The value in the field is the number of character clocks minus one. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.19 CR2: CRTC Horizontal Blanking Start Register 


I/O Port Address: PCI 3D5h 

Index 02h 

Size (bits) 8 

MMIO Offset 08h 

Access Type Read/Write 
Bit Description 
7:0 Horizontal Blanking Start [7:0] 


This register specifies the character count where horizontal blanking starts. 


Bit Description 
7:0 Horizontal Blanking Start [7:0]: The contents of this register specify the charac- 


ter count where horizontal blanking starts. This field is extended with CR1E[5]. The 
value programmed into CR2 and its extension must always be larger than the value 
programmed into CR1 and its extension. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.20 CR3: CRTC Horizontal Blanking End Register 


I/O Port Address: PCI 3D5h 

Index 03h 

Size (bits) 8 

MMIO Offset 0Ch 

Access Type Read/Write 
Bit Description 
7 Compatible Read 
6:5 Display Enable Skew [1:0] 
4:0 Horizontal Blanking End [4:0] 


This register is used to determine the width of the horizontal blanking period. In addition, this reg- 
ister controls display enable skew and access to CR10 and CR11. 


Bit 
7 


6:5 


4:0 


Description 
Compatible Read: If this bit is ‘0’, registers CR10 and CR11 are write-only regis- 
ters. If this bit is ‘1’, registers CR10 and CR11 are read/write registers. 


Display Enable Skew [1:0]: This 2-bit field is used to specify the number of char- 
acter clocks that display enable is to be delayed from horizontal total. This is nec- 
essary to compensate for the accesses of the character code and Attribute byte, 
the accesses of the font, and so on. The following table indicates the coding of 
CR92[6:5]. 


CR3[6] CR3[5] Skew Note 


0 0 0 





0 1 1 Typical setting 





1 0 2 





1 1 3 























NOTE: If the skew is too low, the left-most character is repeated. If the skew is too high, 
one or more characters disappear at the left of each character row. 


Horizontal Blanking End [4:0]: This field determines the width of the horizontal 
blanking period. This field is extended with CR5[7] and CR1A[5:4] (if enabled). The 
least-significant five through eight bits of the character counter are compared with 
the contents of this field. When a match occurs, the horizontal blanking period is 
ended. Note that the horizontal blanking period is limited to 63 or 255 character- 
clock times. The value to be programmed into this register can be calculated by 
adding the desired blanking period to the value programmed into CR2 (horizontal 
blanking start). The blanking period must never be extend past the horizontal total. 
If CR1B[5] or CR1B[7] is ‘1’, this field is extended with Extension register 
CRI1A[5:4]. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 


May 1997 


3-28 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual VGA CORE REGISTERS 


3.21 CR4: CRTC Horizontal Sync Start Register 


I/O Port Address: PCI 3D5h 
Index 04h 
Size (bits) 8 
MMIO Offset 10h 
Access Type Read/Write 
Bit Description 
7:0 Horizontal Sync Start [7:0] 


This register specifies where Horizontal Sync becomes active. 


Bit Description 


7:0 Horizontal Sync Start [7:0]: This field specifies the character count where 
HSYNC becomes active. This is extended with CR1A[4]. Adjusting the value in this 
field moves the display horizontally on the screen. The Horizontal Sync Start must 
be equal to or greater than Horizontal Display End. The time from Horizontal Sync 
Start to Horizontal Total must be equal to or greater than four character times. 
Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.22 CR5: CRTC Horizontal Sync End Register 


I/O Port Address: PCI 3D5h 

Index 05h 

Size (bits) 8 

MMIO Offset 14h 

Access Type Read/Write 
Bit Description 
7 Horizontal Blanking End [5] 
6:5 Horizontal Sync Delay [1:0] 
4:0 Horizontal Sync End [4:0] 


This register specifies the position where the horizontal sync pulse ends, effectively specifying the 
width of the pulse. In addition, this register contains an overflow bit and a skew field. 


Bit 
7 


6:5 


4:0 


Description 


Horizontal Blanking End [5]: This bit extends the horizontal blanking end value 
by one bit. 


Horizontal Sync Delay [1:0]: This 2-bit field is used to delay the external horizon- 
tal sync pulse from the position implied in CR4. This is necessary in some modes 
to allow internal timing signals triggered from horizontal sync start to begin prior to 
display enable. The following table summarizes the HSYNC delay: 


Skew in Character 


CR[6] CR5[5] Clocks 


0 0) 0 





0 1 1 





1 0 2 





1 1 3 




















Horizontal Sync End [4:0]: This field determines the width of the horizontal sync 
pulse. The least-significant five bits of the character counter are compared with the 
contents of this field. When a match occurs, the horizontal sync pulse ends. Note 
the horizontal sync pulse is limited to 31 character-clock times. The value to be pro- 
grammed into this register can be calculated by adding the desired sync width with 
the value programmed into CR4. The sync pulse must never extend past the hori- 
zontal total. In addition, HSYNC must always end during the horizontal blanking 
period. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.23 CR6: CRTC Vertical Total Register 


I/O Port Address: PCI 3D5h 
Index 06h 
Size (bits) 8 
MMIO Offset 18h 
Access Type Read/Write 
Bit Description 
7:0 Vertical Total [7:0] 


This register specifies the total number of scanlines per frame. 


Bit Description 
7:0 Vertical Total [7:0]: This field is the least-significant eight bits of a 10-bit field that 


defines the total number of scanlines per frame. This field is extended with CR7[0], 
CR7[5], and CR1E[3]. The value programmed into the Vertical Total field is the total 
number of scanlines minus two. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.24 CR7: CRTC Overflow Register 


I/O Port Address: PCI 3D5h 

Index 07h 

Size (bits) 8 

MMIO Offset 1Ch 

Access Type Read/Write 
Bit Description 


O-NWBROON 


Vertical Retrace Start [9] 
Vertical Display End [9] 
Vertical Total [9] 

Line Compare [8] 
Vertical Blanking Start [8] 
Vertical Retrace Start [8] 
Vertical Display End [8] 
Vertical Total [8] 


This register contains bits that extend various vertical count fields. Refer to Figure 3-1 and 
Table 3-2 for a summary of CRTC Timing registers. 


Bit 
7 


0 


Description 

Vertical Retrace Start [9]: This bit extends the Vertical Retrace Start (CR10) field 
to 10 bits. 

Vertical Display End [9]: This bit extends the Vertical Display End (CR12) field to 
10 bits. 

Vertical Total [9]: This bit extends the Vertical Total (CR6) field to 10 bits. 

Line Compare [8]: This bit extends the Line Compare (CR18) field to nine bits. 
Vertical Blanking Start [8]: This bit extends the Vertical Blanking Start (CR15) 
field to nine bits. 

Vertical Retrace Start [8]: This bit extends the Vertical Retrace Start (CR10) field 
to nine bits. 

Vertical Display End [8]: This bit extends the Vertical Display End (CR12) field to 
nine bits. 

Vertical Total [8]: This bit extends the Vertical Total (CR6) field to nine bits. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.25 CR8: CRTC Screen A Preset Row-Scan Register 


I/O Port Address: PCI 3D5h 
Index 08h 
Size (bits) 8 
MMIO Offset 20h 
Access Type Read/Write 
Bit Description 
7 Reserved 
6:5 Byte Pan [1:0] 
4:0 Screen A Preset Row Scan [4:0] 


VGA CORE REGISTERS 


This register specifies the row scanline where Screen A begins, allowing scrolling on a scanline 
basis (soft scroll). In addition, this register specifies the byte pan (coarse panning). 


Bit Description 
7 Reserved 
6:5 Byte Pan [1:0]: This two-bit field controls coarse panning. It can specify a pan of 


up to 24 pixels with a resolution of eight pixels. AR13 provides for panning on a 
pixel basis. The values programmed into CR8[6:5] are interpreted as indicated in 


the following table: 
































CR8[6] CR8[5] Bytes Pixels 
0 0 0 0 
0 1 1 8 
1 0 2 16 
1 1 3 24 
4:0 ~~ Screen A Preset Row Scan [4:0]: This field specifies the scanline where the first 


character row begins. This provides scrolling on a scanline basis (soft scrolling). 
The contents of this field should be changed only during vertical retrace time. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.26 CR9: CRTC Character Cell Height Register 


I/O Port Address: PCI 3D5h 
Index 09h 
Size (bits) 8 
MMIO Offset 24h 
Access Type Read/Write 
Bit Description 
7 CRTC Scan Double 
6 Line Compare [9] 
5 Vertical Blank Start [9] 
4:0 Character Cell Height [4:0] 


This register specifies the number of scanlines in the character cell. In addition, it contains two 
vertical overflow bits and one control bit. 


Bit 
7 


4:0 


Description 


CRTC Scan Double: If this bit is ‘1’, every scanline is displayed twice in succes- 
sion. The scanline counter-based parameters (character height, cursor start and 
end, and underline location) double. This bit is typically used to display 200-line 
modes at 400 scanlines. 

This function is not available in Interlaced Video modes. 


Line Compare [9]: This bit extends the line compare field (CR18) to 10 bits. 


Vertical Blank Start [9]: This bit extends the vertical blank start field (CR15) to 10 
bits. 


Character Cell Height [4:0]: This field specifies the vertical size of the character 
cell in terms of scanlines. The value programmed into this field is the actual size 
minus one. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.27 CRA: CRTC Text Cursor Start Register 


I/O Port Address: PCI 3D5h 
Index OAh 
Size (bits) 8 
MMIO Offset 28h 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5 Disable Text Cursor 
4:0 Text Cursor Start [4:0] 


This register specifies the scanline where the text cursor is to begin. In addition, this register con- 
tains a bit that disables the text cursor. 


Bit Description 

7:6 Reserved 

5 Disable Text Cursor: If this bit is ‘1’, the text cursor is disabled (that is, it is 
removed). If this bit is ‘0’, the text cursor functions normally. 

4:0 Text Cursor Start [4:0]: This field specifies the scanline within the character cell 


where the text cursor starts. If the Text Cursor Start value is greater than the Text 
Cursor End value, there is no text cursor displayed. If the Text Cursor Start value is 
equal to the Text Cursor End value, the text cursor occupies a single scanline. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.28 CRB: CRTC Text Cursor End Register 


I/O Port Address: PCI 3D5h 
Index OBh 
Size (bits) 8 
MMIO Offset 2Ch 
Access Type Read/Write 
Bit Description 
7 Reserved 
6:5 Text Cursor Skew [1:0] 
4:0 Text Cursor End [4:0] 


This register specifies the scanline within the character cell where the text cursor ends. It also con- 
tains a field that allows the text cursor to be skewed from the location specified in registers CRE 


and CRF. 

Bit Description 

7 Reserved 

6:5 Text Cursor Skew [1:0]: This two-bit field specifies a delay, in character clocks, 
from the text cursor location specified in CRE and CRF to the actual cursor. 

4:0 Text Cursor End [4:0]: This field specifies the scanline within the character cell 
where the text cursor ends. A value greater than the character cell height yields an 
effective ending value equal to the cell height. 

NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 


May 1997 3-36 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual VGA CORE REGISTERS 


3.29 CRC: CRTC Screen Start Address High Register 


I/O Port Address: PCI 3D5h 

Index 0Ch 

Size (bits) 8 

MMIO Offset 30h 

Access Type Read/Write 
Bit Description 
7:0 Screen Start A Address [15:8] 


This register and register CRD, with Cirrus Logic extension bits, specify the location in display 
memory where the data to be displayed on the screen begins. 


Bit Description 
7:0 Screen Start A Address [15:8]: This field specifies the location in display memory 


where the screen begins. This register contains bits 15:8 of this value. Bits 7:0 are 
in register CRD, bits 18:16 are in CR1B, and bit 19 is in CR1D[7]. 
Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.30 CRD: CRTC Screen Start Address Low Register 


I/O Port Address: PCI 3D5h 

Index ODh 

Size (bits) 8 

MMIO Offset 34h 

Access Type Read/Write 
Bit Description 
7:0 Screen Start A Address [7:0] 


This register and register CRC specify the location in display memory where the data to be dis- 
played on the screen begins. 


Bit Description 
7:0 Screen Start A Address [7:0]: This field specifies the location in display memory 


where the screen begins. This register contains bits 7:0 of this value, bits 15:8 are 
in register CRD. Extension bits 18:16 are in register CR1B, and bit 19 is in CR1D. 
Refer to Figure 3-1 and Table 3-2 for a summary of the CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.31 CRE: CRTC Text Cursor Location High Register 


I/O Port Address: PCI 3D5h 
Index OEh 
Size (bits) 8 
MMIO Offset 38h 
Access Type Read/Write 
Bit Description 
7:0 Text Cursor Location [15:8] 
This register and register CRF specify the location in display memory where the text cursor is to 
be displayed. 
Bit Description 
7:0 Text Cursor Location [15:8]: The text cursor location is a 16-bit field that specifies 


the location in display memory where the text cursor is to be displayed. This regis- 
ter contains bits 15:8 of this field, and register CRF contains bits 7:0. 


NOTE: The value contained in this field is an address in display memory, not an offset 
from the beginning of the screen. If the value of Screen A Start is changed without 
a compensating change in the Text Cursor Location field, the text cursor moves on 
the screen. 


Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.32 CRF: CRTC Text Cursor Location Low Register 


I/O Port Address: PCI 3D5h 
Index OFh 
Size (bits) 8 
MMIO Offset 3Ch 
Access Type Read/Write 
Bit Description 
7:0 Text Cursor Location [7:0] 
This register and register CRE specify the location in display memory where the text cursor is to 
be displayed. 
Bit Description 
7:0 Text Cursor Location [7:0]: This 16-bit field specifies the location in display mem- 


ory where the text cursor is to be displayed. This register contains bits 7:0 of this 
field, and register CRE contains bits 15:8. 
Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.33  CR10: CRTC Vertical Sync Start Register 


I/O Port Address: PCI 3D5h 
Index 10h 
Size (bits) 8 
MMIO Offset 40h 
Access Type Read/Write 
Bit Description 
7:0 Vertical Sync Start [7:0] 


The Vertical Sync Start field specifies the scanline where the vertical sync pulse becomes active. 
This register contains the least-significant eight bits of that field. 


Bit Description 
7:0 Vertical Sync Start [7:0]: This field specifies the scanline where the vertical sync 


pulse becomes active. This register contains bits 7:0 of that field. This register is 
extended by bits in registers CR7 and CR1E. 
Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.34 CR11: CRTC Vertical Sync End Register 


I/O Port Address: PCI 3D5h 
Index 1th 
Size (bits) 8 
MMIO Offset 44h 
Access Type Read/Write 
Bit Description 
7 Write Protect CR7—CRO 
6 Reserved 
5 Disable Vertical Interrupt 
4 Clear Vertical Interrupt 
3:0 Vertical Sync End [3:0] 


This register specifies the scanline where the vertical sync pulse becomes inactive, thereby effec- 
tively specifying the vertical sync pulse width. In addition, this register contains controls for the 
interrupt and two miscellaneous control bits. 


Bit 
7 


3:0 


Description 


Write Protect CR7-CRO: If this bit is ‘1’, registers CRO through CR7 cannot be 
written. Writes addressed to those registers are simply ignored. CR7[4] (Line Com- 
pare Extension) can always be written. If this bit is ‘0’, registers CRO through CR7 
can be written normally. 


Reserved: This bit formerly controlled the DRAM refresh, selecting between three 
or five cycles per scanline. The DRAM refresh logic has been replaced with new 
logic for Rambus that uses other controls. Refer to Chapter 6, “Rambus® Regis- 
ters” for additional information. 


Disable Vertical Interrupt: If this bit is ‘1’, the vertical interrupt is disabled. The 
Interrupt pin is never active. If this bit is ‘0’, the vertical interrupt is enabled and func- 
tions normally. If this bit is ‘1’, FEAT[7] is cleared to ‘0’, but not the Interrupt pin. 


Clear Vertical Interrupt: If this bit is ‘0’, the Interrupt Pending bit (FEAT[7]) is 
cleared to ‘0’, and the Interrupt pin is forced inactive. Programming this bit to ‘1’ 
allows the next occurrence of the interrupt. This can be done immediately after pro- 
gramming this bit to ‘0’. 

Vertical Sync End [3:0]: This field determines the width of the vertical sync pulse. 
The least-significant four bits of the scanline counter are compared with the con- 
tents of this field. When a match occurs, the vertical sync pulse ends. Note that the 
vertical sync pulse is limited to 15 scanlines. 

The value to be programmed into this register can be calculated by subtracting the 
desired sync width from the value programmed into the Vertical Sync Start field. 
The sync pulse must never extend past the Vertical Total. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.35 CR12: CRTC Vertical Display End Register 


I/O Port Address: PCI 3D5h 
Index 12h 
Size (bits) 8 
MMIO Offset 48h 
Access Type Read/Write 
Bit Description 
7:0 Vertical Display End [7:0] 


The Vertical Display End field is used to specify the scanline where the display is to end. 


Bit Description 
7:0 Vertical Display End [7:0]: This field is used to specify the scanline where the dis- 


play is to end. This register contains the least-significant eight bits of this field. Addi- 
tional bits are in CR7 and CR1E. 
Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.36 CR13: CRTC Offset Register 


I/O Port Address: PCI 3D5h 
Index 13h 
Size (bits) 8 
MMIO Offset 4Ch 
Access Type Read/Write 
Bit Description 
7:0 Offset [7:0] 


This register specifies the distance in display memory between the beginnings of adjacent char- 
acter rows or scanlines. This is sometimes referred to as display ‘pitch’. 


Bit Description 
7:0 Offset [7:0]: This register specifies the distance in display memory between the 


beginnings of adjacent character rows or scanlines. This field is extended to nine 
bits with CR1B[4] and to 10 bits with CR1D[0]. At the beginning of each scanline 
(except the first), the address that data should be fetched from is calculated by add- 
ing the contents of this register to the beginning address of the previous scanline 
or character row. The offset is left-shifted one or two-bit positions depending on 
CR17[6]. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.37 CR14: CRTC Underline Row Scanline Register 


I/O Port Address: PCI 3D5h 
Index 14h 
Size (bits) 8 
MMIO Offset 50h 
Access Type Read/Write 
Bit Description 
7 Reserved 
6 DoubleWord Mode 
5 Count by Four 
4:0 Underline Scanline [4:0] 


This register specifies the scanline where the underline appears. This is for VGA text modes only. 


Bit Description 
7 Reserved 
6 DoubleWord Mode: When this bit is ‘1’, doubleword addresses are forced. The 


CRTC memory address counter is rotated left two-bit positions so that Display 
Memory Address bits 1 and 0 are sourced from CRTC Address Counter bits 13 and 
12, respectively. When this bit is ‘0’, CR17[6] controls whether the device uses byte 
or word addresses. 


5 Count by Four: This bit must be ‘1’ when DoubleWord mode is enabled to clock 
the memory address counter with the character clock divided by four. This bit must 
be ‘0’ when DoubleWord mode is not enabled. 


4:0 Underline Scanline [4:0]: This field specifies the scanline within the character cell 
where the underline occurs. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.38 CR15: CRTC Vertical Blank Start Register 


I/O Port Address: PCI 3D5h 
Index 15h 
Size (bits) 8 
MMIO Offset 54h 
Access Type Read/Write 
Bit Description 
7:0 Vertical Blank Start [7:0] 


This register specifies the scanline where blank becomes active. 


Bit Description 
7:0 Vertical Blank Start [7:0]: This field specifies the scanline where Vertical Blank 


begins. The least-significant eight bits of that field are in this register. Overflow bits 
are in CR7 and CR9. This field is expanded with CR1E[1]. 
Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.39 CR16: CRTC Vertical Blank End Register 


I/O Port Address: PCI 3D5h 
Index 16h 
Size (bits) 8 
MMIO Offset 58h 
Access Type Read/Write 
Bit Description 
7:0 Vertical Blank End [7:0] 


The Vertical Blank End field specifies the scanline where Vertical Blank ends. 


Bit Description 
7:0 Vertical Blank End [7:0]: This field specifies the scanline where Vertical Blank 


ends. This register contains the least-significant eight bits of that field. If CR1B[5] 
is ‘1’, this field is extended with CR1A[7:6]. 

The contents of the Vertical Blank End field are compared to the scanline counter 
to determine when to terminate Vertical Blank. This limits the duration of Vertical 
Blank to 255 scanlines if CR1B[5] is ‘0’, or 1023 scanlines if CR1B[5] is ‘1’. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.40 CR17: CRTC Mode Control Register 


I/O Port Address: PCI 3D5h 
Index 17h 
Size (bits) 8 
MMIO Offset 5Ch 
Access Type Read/Write 
Bit Description 
7 Timing Enable 
6 Byte/Word Mode 
5 Address Wrap 
4 Reserved 
3 Count by Two 
2 Multiply Vertical Registers by Two 
1 Select Row-scan Counter 
0 Compatibility Mode (CGA) Support 


This register contains a number of miscellaneous control bits. 


Bit 
7 
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Description 


Timing Enable: If this bit is ‘1’, the CRTC timing logic is enabled and functions nor- 
mally. If this bit is ‘0’, the CRTC timing logic is disabled. 


Byte/Word Mode: If this bit is ‘1’, the contents of the CRTC address counter are 
sent to the display memory without being rotated. 

If this bit is ‘0’, the contents of the CRTC address counter are rotated left one-bit 
position before being sent to the display memory. 

Address Wrap: If CR17[6] is ‘1’, this bit is ignored. If CR17[6] is ‘0’ and this bit is 
‘1’, then the left rotation described above involves 16 bits of the CRTC address 
counter. If CR17[6] is ‘0’ and this bit is ‘0’, then the left rotation described above 
involves 14 bits of the CRTC address counter. 

Reserved 

Count by Two: If this bit is ‘1’, then the CL-GD5465 clocks the memory address 
counter with the character clock divided by two. If this bit is ‘0’, then the CL-GD5465 
clocks the memory address counter with character clock. 

Multiply Vertical Registers by Two: If this bit is ‘1’, the scanline counter is clocked 
with horizontal sync divided by two. This allows the number of scanlines to be dou- 
bled to 2048. Observe that all the periods are even multiples of two scanlines. If 
this bit is ‘0’, the scanline counter is clocked with horizontal sync. 
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3.40 CR17: CRTC Mode Control Register (cont.) 


Bit Description 


1 Select Row-Scan Counter: If this bit is ‘0’, row-scan counter [1] is substituted for 
CRTC address counter [14]. This provides for Hercules™ compatibility. 
NOTE: The Cirrus Logic BIOS does not support Hercules compatibility. 
If this bit is ‘1’, the substitution described above does not occur. 


0 Compatibility Mode (CGA) Support: If this bit is ‘0’", row-scan counter [0] is sub- 
stituted for CRTC address counter [14]. This provides for CGA compatibility. 
If this bit is ‘1’, the substitution described above does not occur. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.41 CR18: CRTC Line Compare Register 


I/O Port Address: PCI 3D5h 
Index 18h 
Size (bits) 8 
MMIO Offset 60h 
Access Type Read/Write 
Bit Description 
7:0 Line Compare [7:0] 


The Line Compare field is used to specify where Screen A terminates and Screen B begins. 


Bit Description 
7:0 Line Compare [7:0]: This field is used to specify where Screen A terminates and 


Screen B begins. This register contains the eight least-significant bits of this field. 
This is extended with one bit each in CR7 and CR9. The Line Compare field can 
be used to implement a vertically split screen. The top portion of the screen is 
called Screen A and can begin anywhere in display memory. Screen A can be 
panned and scrolled on a pixel basis. The bottom portion of the screen is called 
Screen B. Screen B always begins at location ‘0’ in display memory and cannot be 
panned or scrolled. 

Refer to Figure 3-1 and Table 3-2 for a summary of CRTC Timing registers. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.42 CR22: Graphics Data Latches Readback Register 


I/O Port Address: PCI 3D5h 
Index 22h 
Size (bits) 8 
MMIO Offset = 
Access Type Read only 
Bit Description 
7:0 Graphics Data Latch n Readback [7:0] 


This register address is used to read the four graphics controller data latches. 


Bit Description 
7:0 Graphics Data Latch n Readback [7:0]: This read-only register can be used to 


read back one of the four graphics controller data latches. The latch is selected with 
GR4[1:0]. These latches are loaded whenever display memory is read by the CPU. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.43 CR24: Attribute Controller Toggle Readback Register 


I/O Port Address: PCI 3D5h 

Index 24h 

Size (bits) 8 

MMIO Offset = 

Access Type Read only 
Bit Description 
7 Attribute Controller Toggle 
6:0 Reserved 


This read-only register provides access to the Attribute Controller Toggle. 


Bit Description 
7 Attribute Controller Toggle: If this bit is ‘1’, the attribute controller reads or writes 


a data value on the next access. If this bit is ‘0’, the attribute controller reads or 
writes an index value on the next access. 


6:0 Reserved 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.44 CR26: Attribute Controller Index Readback Register 


I/O Port Address: PCI 3D5h 
Index 26h 
Size (bits) 8 
MMIO Offset = 
Access Type Read only 
Bit Description 
7:6 Reserved 
5 Video Enable 
4:0 Attribute Controller Index [4:0] 


This read-only register provides access to the current Attribute Controller Index. 


Bit Description 

7:6 Reserved 

5 Video Enable: This bit follows the Video Enable bit in the Attribute Controller Index 
register (it is a read-only copy of ARX[5]). 

4:0 Attribute Controller Index [4:0]: This field follows the index in the Attribute Con- 


troller Index register (it is a read-only copy of ARX[4:0]). 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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3.45 GRX: Graphics Controller Index Register 


I/O Port Address: PCI 3CEh 

Index - 

Size (bits) 8 

MMIO Offset = 

Access Type Read/Write 
Bit Description 
7:6 Reserved 
5:0 Graphics Controller Index [5:0] 


This register specifies the register in the VGA Graphics Controller group, or the Extension register 
that is accessed by the next I/O read or I/O write to address 3CFh. Registers with an index value 
greater than eight are described in Chapter 4, “Extended I/O Registers”. 


Bit Description 
70 Reserved 
5:0 Graphics Controller Index [5:0]: This field specifies the register in the VGA 


graphics controller, or in the Extension register that is accessed by the next I/O 
read or I/O write to address 3CFh. 
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3.46 GRO: Graphics Controller Set/Reset Register 


I/O Port Address: PCI 3CFh 
Index 00h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:0 Set/Reset Plane [3:0] 


This register specifies the values to be written into the respective display memory planes when 
the processor executes a Write mode 0 or Write mode 3 operation. 


Bit Description 
7:4 Reserved 
3:0 Set/Reset Plane [3:0]: These bits control the values written into the respective dis- 


play memory planes for Write mode 0 and 3. Refer to the description of GR5 on 
page 3-60 for an overview of the Write modes. 
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3.47 GR1: Graphics Controller Set/Reset Enable Register 


I/O Port Address: PCI 3CFh 

Index Oth 

Size (bits) 8 

MMIO Offset = 

Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:0 Enable Set/Reset Plane [3:0] 


This register is used with GRO to determine the values to be written into the respective display 
memory planes when Write mode 0 is selected. 


Bit Description 
7:4 Reserved 
3:0 Enable Set/Reset Plane [3:0]: These bits are used with GRO to determine the val- 


ues written into the display memory planes when Write mode 0 is selected. If a bit 
in this field is ‘1’, the corresponding value in GRO is written into the corresponding 
display memory plane. If a bit in this field is ‘0’, the corresponding value from the 
CPU data bus is written into the corresponding display memory plane. Refer to the 
description of GR5 on page 3-60 for an overview of the Write modes. 
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3.48 GR2: Graphics Controller Color Compare Register 


I/O Port Address: PCI 3CFh 
Index 02h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:0 Color Compare Plane [3:0] 


This register specifies the Color Compare Value for Read mode 1. 


Bit Description 
7:4 Reserved 
3:0 Color Compare Plane [3:0]: These four bits are compared with each of eight bits 


from the corresponding display memory planes under the mask in GR7 when a 
Read mode 1 occurs. Refer to the description of GR5 on page 3-60 for an overview 
of the Read modes. 
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3.49 GR3: Graphics Controller Data Rotate Register 


I/O Port Address: PCI 3CFh 
Index 03h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
i Reserved 
4:3 Function Select [1:0] 


2:0 


Rotate Count [2:0] 


This register contains two fields that are used with Write modes 0 and 3. 


Bit 
7:5 
4:3 


2:0 
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Description 


Reserved 


Function Select [1:0]: This field controls the operation that occurs between the 
data in the latches and the data from the CPU or Set/Reset logic. The result of this 
operation is written into display memory. This field is used for Write mode 0 only. 
The operations are summarized in the following table: 











GR3[4] GR3[3] Operation 
0 0 None (the data in the latches are ignored) 
0 1 Logical AND 
1 0 Logical OR 
1 1 Logical XOR 

















Rotate Count [2:0]: This field allows data from the CPU bus to be rotated as many 
as seven-bit positions prior to being altered by the Set/Reset logic. Refer to the 
description of GR5 on page 3-60 for an overview of the Write modes. 
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3.50 GR4: Graphics Controller Read Map Select Register 


I/O Port Address: PCI 
Index 
Size (bits) 
MMIO Offset 
Access Type 
Bit Description 
7:2 Reserved 
1:0 Plane Select [1:0] 


3CFh 
04h 
8 


Read/Write 


This register specifies the display memory plane for Read mode 0. 


VGA CORE REGISTERS 


Bit Description 
7:2 Reserved 
1:0 Plane Select [1:0]: This field specifies the display memory plane for Read mode 0. 


The values are shown in the following table: 





























GR4[1] GR4[0] Plane Selected 
0 0 0 
0 1 1 
1 0 2 
1 1 3 
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3.51 GR5: Graphics Controller Mode Register 


I/O Port Address: PCI 3CFh 
Index 05h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 

Bit Description 

7 Reserved 

6 256-Color Mode 

5 Shift Register Mode 

4 Odd/Even 

3 Read Mode 

2 Reserved 

1:0 Write Mode [1:0] 


This register specifies the Read and Write modes. In addition, it controls the configuration of the 
Data Shift registers. 


Bit 
7 
6 
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Description 


Reserved 


256-Color Mode: If this bit is ‘1’, the Video Shift registers are configured for 256- 
Color Video modes. GR85[5] is ignored. If this bit is ‘0’, the Video Shift registers are 
configured for 16-, 4-, or 2-color modes. 


Shift Register Mode: If this bit is ‘1’, the Video Shift registers are configured for 
CGA compatibility. This is used for Video modes 4 and 5. If this bit is ‘0’, the Video 
Shift registers are configured for EGA compatibility. 


Odd/Even: If this bit is ‘1’, the graphics controller is configured for Odd/Even 
Addressing mode. This bit should always be the opposite value as SR4[2]. 


Read Mode: This bit specifies whether the device is in Read mode 0 or 1. 

Read Mode 0: If this bit is ‘0’, the CPU reads data directly from display memory. 
Each read returns eight adjacent bits of the display memory plane specified in 
GR4[1:0]. The color-match logic is not used in Read mode 0. Note that an I/O read 
of CR22 forces a Read mode 0 for that operation. 


Read Mode 1: If this bit is ‘1’, the CPU reads the results of the color compare logic. 
Read mode 1 allows eight adjacent pixels (in 16-color modes) to be compared to 
a specified color value in a single operation. Each of the eight bits returned to the 
processor indicates the result of a compare between the four bits of the Color Com- 
pare (GR2[3:0]) and the bits from the four display memory planes. If the four bits of 
the Color Compare match the four bits from the display memory planes, ‘1’ is 
returned for the corresponding bit position. If any bits in the Color Don’t Care 
(GR7[3:0]) are zeroes, the corresponding plane comparison is forced to match. 


Reserved 
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3.51 GR5: Graphics Controller Mode Register (cont.) 


Bit 
1:0 


Description 


Write Mode [1:0]: These two bits specify the Write mode. 

Write Mode 0: Each of the four display memory planes is written with the CPU data 
rotated by the number of counts in GR3[2:0]. If a bit in GR1[3:0] is ‘1’, the corre- 
sponding plane is written with the contents of the corresponding bit in GRO[3:0]. If 
SR7[0] is ‘1’, CPU data is written regardless of the contents of GR1[3:0]. The con- 
tents of the data latches can be combined with the data from the SR logic under 
control of GR3[4:3]. Bit planes are enabled with SR2[3:0]. Bit positions are enabled 
with GR8. 

Write Mode 1: Each of the four display memory planes is written with the data in 
the data latches. The data latches must have been previously loaded from display 
memory with a previous read. GR8 is ignored in Write mode 1. 

Write Mode 2: Display memory planes 3:0 are written with the values of Data bits 
3:0, respectively. The four bits are replicated eight times each to write up to eight 
adjacent pixels. Bit planes are enabled with SR2[3:0]. Bit positions are enabled with 
GR8. The Data Rotator, SR logic, and Function Select fields are ignored in Write 
mode 2. 

Write Mode 3: The data for each display memory plane comes from the corre- 
sponding bit of GRO[3:0]. The Bit Position Enable field is formed with the logical 
AND of GR8 and the rotated CPU data. The Set/Reset and Function Select fields 
are ignored in Write mode 3. 
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3.52 GR6: Graphics Controller Miscellaneous Register 


I/O Port Address: PCI 3CFh 
Index 06h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:2 Memory Map [1:0] 


1 
0 


Chain Odd Maps to Even 
Graphics Mode 


This register contains miscellaneous control bits. 


Bit 
7:4 
3:2 
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Description 


Reserved 


Memory Map [1:0]: This field specifies the beginning address and size of the dis- 
play memory in the host address space. This is summarized in the following table: 














GR6[3] | GR6[2] | Memory Map pee Length | Mode(s) 
0 0 0 A000:0 128K Extended 
0 1 1 A000:0 64K EGA/VGA 
1 0 2 Bo00:0 32K Hercules™ 
1 1 3 B800:0 32K CGA 























Chain Odd Maps to Even: When this bit is ‘1’, CPU Address bit 0 is replaced with 
a most-significant address bit. This causes even host addresses to access planes 
0 and 2, and odd host addresses to access planes 1 and 3. This mode is useful for 
MDA emulation. 

Graphics Mode: If this bit is ‘1’, the CL-GD546X functions in VGA Graphics (APA) 
modes. If it is ‘0’, the device functions in VGA Text (AN) modes. 
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3.53 GR7: Graphics Controller Color Don’t Care Register 


I/O Port Address: PCI 3CFh 

Index 07h 

Size (bits) 8 

MMIO Offset = 

Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:0 Color Don’t Care Plane [3:0] 


This register is used with GR2 for Read mode 1 accesses. 


Bit Description 
7:4 Reserved 
3:0 Color Don’t Care Plane [3:0]: These four bits are used to control whether the four 


planes are involved in color compares. If a bit is ‘1’, the corresponding plane is 
involved; if a bit is ‘0’, the corresponding plane is not involved. Refer to the descrip- 
tion of GR5 on page 3-60 for an overview of the Read modes. 
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3.54 GR8: Graphics Controller Bit Mask Register 


I/O Port Address: PCI 3CFh 
Index 08h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:0 Write Enable [7:0] 


This register controls writes to display memory on a bit basis in Write modes 0, 2, and 3. 


Bit Description 
7:0 Write Enable [7:0]: Each bit in this register controls whether the corresponding bit 


in display memory is written in Write modes 0, 2, and 3. If a bit is ‘1’, the corre- 
sponding bit in display memory is written. If a bit is ‘0’, the corresponding bit in dis- 
play memory is not written. This write protection is orthogonal to that provided by 
SR2. 
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3.55 ARX: Attribute Controller Index Register 


I/O Port Address: PCI 3C0h/3C1h 
Index - 
Size (bits) 8 
MMIO Offset 7Ch 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5 Video Enable 
4:0 Attribute Controller Index [4:0] 


This register specifies the register in the Attribute Controller block that is accessed with the next 
I/O read or I/O write to 3C1h or 3COh, respectively. Observe that the same port addresses are 
used for the index and data for the Attribute Controller block, unlike the other blocks for which the 
Index and Data registers are at different addresses. Alternate writes toggle between index and 
data. It is possible to read the toggle at CR24 and the index value at CR26. This register is also 
accessible at MMIO offset 7Ch. 


Bit Description 

7:6 Reserved 

5 Video Enable: When this bit is ‘0’, the screen displays the color indicated by the 
Overscan Color register (AR11 on page 3-69). When this bit is ‘1’, normal video is 
displayed. 

4:0 Attribute Controller Index [4:0]: This field is the index into the Data registers in 


the Attribute Controller block. 
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3.56 ARO-ARF: Attribute Controller Palette Registers 


I/O Port Address: PCI 3C0h/3C1h 
Index O00h-OFh 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:6 Reserved 


Secondary Red 

Secondary Green/Intensity 
Secondary Blue/Monochrome 
Red 

Green 

Blue 


oOo-NWAOH 


In 16-Color Text and Graphics modes, these digital palette entries are selected by the four bits of 
pixel data, and point to the VGA palette entries. The VGA palette entries are normally programmed 
so that the DAC outputs reflect these values. That is, the VGA palette simulates standard EGA col- 


ors. 
Bit Description 
7:6 Reserved 

5:0 Palette Entries 
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3.57 AR10: Attribute Controller Mode Register 


I/O Port Address: PCI 3C0h/3C1h 
Index 10h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
m, AR14 Video Source Enable 
6 Pixel Double Clock Select 
5 Pixel Panning Compatibility 
4 Reserved 
3 Blink Enable 
2 Line Graphics Enable 
1 Display Type 
0 Graphics Mode 


This register contains some miscellaneous control bits for the attribute controller. 


Bit 
7 


Description 


AR14 Video Source Enable: If this bit is ‘1’, AR14[1:0] are used as the source for 
the Lookup Table Address bits [5:4]. This allows the rapid selection of four 16-color 
palettes. This bit is ignored for deeper color modes. If this bit is ‘0’, the Palette reg- 
isters ARO-ARF[5:4] are used as the source for the Lookup Table Address bits 
[5:4]. 

Pixel Double Clock Select: If this bit is ‘1’, pixels are clocked on every other clock 
cycle and ARO-ARF is bypassed. This is used with mode 13. The sequencer logic 
operates at twice the pixel rate. If this bit is ‘0’, pixels are clocked on every cycle. 


Pixel Panning Compatibility: If this bit is ‘1’, a line compare match in the CRTC 
forces the output of the Pixel Panning register to ‘0’ until the next VSYNC occurs. 
This allows the panning of Screen A without Screen B. If this bit is ‘0’, the two parts 
of a split-screen pan together. 


Reserved 
Blink Enable: If this bit is ‘1’, character blinking is enabled at the vertical refresh 
frequency divided by 32. If this bit is ‘0’, character blinking is disabled. 


Line Graphics Enable: If this bit is ‘1’, the ninth bit of a 9-bit-wide character cell is 
made the same as the eighth bit for character codes in the range CO through DF. If 
this bit is ‘0’, the ninth bit of a 9-bit-wide character cell is the same as the back- 
ground. 
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3.57 AR10: Attribute Controller Mode Register (cont.) 


Bit Description 
1 Display Type: This bit is useful only if the CL-GD546xX is in AN (Alphanumeric) 


modes. If this bit is ‘1’, the contents of the Attribute byte are treated as MDA-com- 
patible attributes. The following table shows examples of monochrome attributes: 






































Blink | Background | Intensity Foreground Hex Attribute 
Bit 7 Bit [6:4] Bit 3 Bit [2:0] Code 
0 0 0 7 07 Normal 
0 0 1 7 OF Intense 
0 0 0 1 01 Underline 
Underline 
0 0 : | 09 intense 
0 7 0 0 70 Reverse 
Blinking 
d z 0 0 Ee? reverse 








If this bit is ‘0’, the contents of the Attribute byte are treated as color attributes. 


0 Graphics Mode: If this bit is ‘1’, the attribute controller functions in APA (Graphics) 
mode. If this bit is ‘0’, the attribute controller functions in AN modes. 
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3.58 AR11: Overscan (Border) Color Register 


I/O Port Address: PCI 3C0h/3C1h 
Index 1th 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5 Secondary Red 
4 Secondary Green 
3 Secondary Blue 
2 Red 
1 Green 
0 Blue 


This register points to the entry in the LUT that defines the border color. Typically, the LUT entries 
are programmed so that the color defined above is the color that actually results. The border is 
defined as that portion of the raster between blanking and active video, on all four sides. Refer to 
Figure 3-1 on page 3-23. 


Bit Description 
76 Reserved 
5:0 Border Color [5:0]: Either four or six of these bits are used to select the LUT entry 


for the border color in CGA and EGA modes. 
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3.59 AR12: Color Plane Enable Register 


I/O Port Address: PCI 3C0h/3C 1h 
Index 12h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5:4 Video Status Mux [1:0] 
3:0 Enable Color Plane [3:0] 


This register contains a field to enable the four planes into the Attribute Controller Palette registers. 
It also contains a field to select the inputs for the Diagnostic bits in STAT[5:4]. 


Bit Description 
7:6 Reserved 
5:4 Video Status Mux [1:0]: This field selects the inputs for the Diagnostic bits in 


STAT[5:4] as indicated in the following table: 
































AR12[5] AR12[4] STAT[5] STAT[4] 
0 0 P[2] P[0] 
0 1 P[5] P[4] 
1 0 P[3] P[1] 
1 1 P[7] P[6] 
3:0. Enable Color Plane [3:0]: If any bit in this field is ‘1’, the data from the correspond- 


ing display memory plane is enabled in choosing the Attribute Controller Palette 
register. If any bit in this field is ‘0’, the data from the corresponding display memory 
plane is forced to ‘0’ in choosing the Attribute Controller Palette register. 
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I/O Port Address: PCI 


Index 

Size (bits) 
MMIO Offset 
Access Type 


Bit 
7:4 
3:0 


Description 


Reserved 


3.60 AR13: Pixel Panning Register 


3C0h/3C1h 
13h 
8 


Read/Write 


Pixel Panning [3:0] 


VGA CORE REGISTERS 


This register specifies the number of pixels the display data shifts to the left. This field functions 


both in the APA (Graphics) and AN (Alphanumeric) modes. 


Bit 
7:4 
3:0 


Description 


Reserved 


Pixel Panning [3:0]: This field specifies the number of pixels the display data shifts 


to the left. This field is interpreted as indicated in the following table: 





























Aiisis 0] aes ene meget 
0 1 bit left (none) (none) 
1 2 bits left 1 bit left (none) 

2 3 bits left 2 bits left 1 bit left 

3 4 bits left 3 bits left 1 bit left 

4 5 bits left 4 bits left 2 bits left 

5 6 bits left 5 bits left 2 bits left 

6 7 bits left 6 bits left 3 bits left 

7 8 bits left 7 bits left 3 bits left 

8-F no shift 1 bit right 3 bits left 
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3.61 AR14: Color Select Register 


I/O Port Address: PCI 3C0h/3C 1h 
Index 14h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:4 Reserved 
3:0 Color Bit C [7:4] 


This register contains two fields that are involved in the selection of addresses into the LUT. 


Bit 
7:4 
3:2 


1:0 


May 1997 


Description 


Reserved 


Color Bit C [7:6]: These two bits are concatenated with the six bits from the 
Attribute Controller Palette register to form the address into the LUT and drive 
P[7:6]. These bit are ignored in 8-, 16-, and 24-bit Pixel modes. 


Color Bit C [5:4]: If AR10[7] is ‘1’, these two bits replace the corresponding two 
bits from the Attribute Controller Palette register to form the address into the LUT 
and drive P[5:4]. lf AR10[7] is ‘0’, these two bits are ignored. These bits are ignored 
in 8-, 16-, and 24-bit Pixel modes. 
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4. EXTENDED I/O REGISTERS 


The Extended I/O registers in the CL-GD5465 are summarized in Table 4-1. Some of these reg- 
isters are accessible using memory-mapped I/O; this is indicated in the MMIO Offset column. 


Table 4-1. Extended I/O Registers Quick Reference 












































Register Name PCII/O Port | Index | MMIO Offset bia Page 
CR19: CRTC Interlace End 3D5h? 19h 64h 8 4-3 
CR1A: CRTC Miscellaneous Control 3D5h 1Ah 68h 8 4-4 
CR1B: CRTC Extended Display Control 3D5h 1Bh 6Ch 8 4-5 
CR1D: CRTC Screen Start A Extension 3D5h 1Dh 74h 8 4-7 
CR1E: CRTC Timing Overflow 3D5h 1Eh 78h 8 4-8 
GRg9: Offset Register 0 3CFh 09h - 8 4-9 
GRA: Offset Register 1 3CFh OAh - 8 4-10 
GRB: Graphics Controller Mode Extensions 3CFh OBh - 8 4-11 
SR6: Unlock I/O Extensions 3C5h 06h - 8 4-12 
SR7: Extended Sequencer Mode 3C5h 07h - 8 4-13 
SR9, SRA, SR14, SR15: 09h, OAh, 

Scratch Pad 0, 1, 2, 3 oe 14h, 15h = S| eeee 
SROB, SROC, SROD, SROE: OBh, OCh, 

Denominator and Post-Scalar 8C5h ODh, OEh Bah (SR0E) 8 #18 
SR18: Signature Generator Control 3C5h 18h 90h 8 4-16 
SR19, SR1A: Signature Generator Result 3C5h 19h, 1Ah 94h, 98h 8 4-17 
SR1B, SR1C, SR1D, SR1E: 1Bh, 1Ch, 

VCLK 0, 1, 2, 3 Numerator ooh 1Dh, 1Eh | 88h (SRIE) S| oe 


























@ When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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4.1 CR19: CRTC Interlace End Register 


I/O Port Address: PCI 3D5h 
Index 19h 
Size (bits) 8 
MMIO Offset 64h 
Access Type Read/Write 
Bit Description 
7:0 Interlace End [7:0] 
This register positions scanlines in the even field so that they are halfway between scanline in the 
odd field. 
Bit Description 
7:0 Interlace End [7:0]: This value is the number of characters in the last scanline of 


the odd field in interlaced timing. This can be adjusted to center the scanlines in the 
even field halfway between scanlines in the odd field. This register is typically set 
to approximately half the horizontal total. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 


Copyright 1997 — Cirrus Logic Inc. 4-3 May 1997 


EXTENDED I/O REGISTERS CL-GD5464 Technical Reference Manual 


4.2 CR1A: CRTC Miscellaneous Control Register 


I/O Port Address: PCI 3D5h 

Index 1Ah 

Size (bits) 8 

MMIO Offset 68h 

Access Type Read/Write 
Bit Description 
7:6 Vertical Blank End Overflow [9:8] 
5:4 Horizontal Blank End Overflow [7:6] 
3 Static HSYNC 
2 Static VSYNC 
1 Enable Double Buffered Display Start Address 
0 Enable Interlaced 


This register contains timing overflow bits as well as some miscellaneous control bits. 


Bit 
7:6 


5:4 


Description 


Vertical Blank End Overflow [9:8]: This two-bit field extends the vertical blank 
end value to 10 bits. Refer to Chapter 3, “VGA Core Registers”, Table 3-2 on 
page 3-24 for the description of register CRO and a table containing all the timing 
value bits. When CR1B[5] is set to ‘1’, or if CR1B[7] is set to ‘1’, these bits are 
enabled. 


Horizontal Blank End Overflow [7:6]: This two-bit field extends the horizontal 
blanking end value to eight bits. Refer to Chapter 3, “VGA Core Registers’, 
Table 3-2 on page 3-24 for the description of register CRO and a table containing 
all the timing value bits. If CR1B[5] is set to ‘1’, or if CR1B[7] is set to ‘1’, these bits 
are enabled. 


Static HSYNC: If this bit is programmed to ‘1’, HSYNC is forced to ‘0’. The RAM- 
DAC is powered down if this bit is set to ‘1’. If this bit is programmed to ‘0’>, HSYNC 
is controlled by the CRTC timing logic normally. 


Static VSYNC: If this bit is programmed to ‘1’, VSYNC is forced to ‘0’. The RAM- 
DAC is powered down if this bit is set to ‘1’. If this bit is programmed to ‘0’, VSYNC 
is controlled by the CRTC timing logic normally. If both HSYNC and VSYNC are 
static, the VCO is also powered down. 


Enable Double Buffered Display Start Address: If this bit is set to ‘1’, the display 
start address is updated on the VSYNC following a write to start address low. This 
provides a means of frame switching without explicitly monitoring VSYNC. 


Enable Interlaced: If this bit is set to ‘1’, interlaced timing is enabled. Interlaced 
timing means interlaced sync in Text mode, and interlaced sync and video data in 
Graphics mode. In addition, IRQ requests are generated only at the end of odd 
fields; that is, at the end of a frame. 

For interlaced sync and data in Graphics mode, set the CRTC Scan Double bit 
(CR9[7]) to ‘0’. Graphics modes 4 and 6 must always be non-interlaced. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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4.3 


CR1B: CRTC Extended Display Control Register 


I/O Port Address: PCI 3D5h 
Index 1Bh 
Size (bits) 8 
MMIO Offset 6Ch 
Access Type Read/Write 
Bit Description 
7 Enable Blank End Extensions 
6 Reserved 
2 Blanking Control 
4 Offset [8] 
3:2 Screen Start A Address [18:17] 
1 Enable Extended Address Wrap 
0 Extended Display Start Address [16] 


This register contains a number of bits that control extended display functions. 


Bit 
7 


3:2 


Description 


Enable Blank End Extensions: When this bit is set to ‘0’, the Vertical and Hori- 
zontal Blank End Extension bits in CR1A are disabled if CR1B[5] is also ‘0’. If this 
bit is set to ‘1’, the Vertical and Horizontal Blank End Extension bits in CR1A are 
enabled, regardless of how the CR1B[5] is programmed. 


Reserved 


Blanking Control: If this bit is set to ‘0’, the DAC blanking is controlled by the 
Blanking signal generated by the CRTC. In this case, the border can be used (refer 
to the description of AR11: Overscan (Border) Color Register on page 3-69). 

If this bit is set to ‘1’, the DAC blanking is controlled by display enable. The DAC is 
blanked during the time when the border is normally displayed. This signal can be 
directed to the feature connector or to control an external overlay circuit. Finally, 
programming this bit to ‘1’ enables the Vertical and Horizontal Blank End Extension 
bits in CR1A. 


Offset [8]: This bit extends the CRTC Offset register (CR13) by one bit. Refer to 
the description of CRO on page 3-25, and summary of CRTC Timing registers on 
page 3-24. 

This bit allows for offsets of greater than 2048 bytes, and is used with 24-bit color 
modes to simplify pixel address calculations. 


Screen Start A Address [18:17]: These two bits extend the Screen Start A 
Address. 
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4.3 CR1B: CRTC Extended Display Control Register (cont) 


Bit 
1 


NOTE: 


May 1997 


Description 


Enable Extended Address Wrap: If this bit is set to ‘0’, the display memory 
address wraps at 64K maps (256K total memory). This provides VGA compatibility. 
If this bit is set to ‘1’, the display memory address wraps at the total available mem- 
ory size. In particular, this bit provides the following functions: 

If this bit is set to ‘1’, and Chain4 addressing is selected (SR4[3] is ‘1’), then DRAM 
addresses AO and Ai are supplied from addresses XMA[16] and XMA[17]. The 
XMA[18:12] addresses are the sum of XA[16:12] and either Offset register O or 1. 
If this bit is set to ‘1’ and CRTC DoubleWord addressing is selected (CR14[6] is ‘1’), 
then DRAM Addresses AO and A1 are supplied from CRTC Addresses CR[14] and 
CR[15]. This provides four pages that can be displayed in Video mode 13h. Char- 
acter counter addresses, CA[16] and CA[18], provide up to 256 Kbytes in each bit 
plane, or 1 Mbyte of packed-pixel memory. 

If this bit is set to ‘0’", the CRTC character address counter is 16-bits wide, providing 
VGA compatibility. If this bit is set to ‘1’, the CRTC character address counter is 19- 
bits wide. 


Extended Display Start Address [16]: This is bit 16 of the Extended Display Start 
Address. 


When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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4.4 CR1D: CRTC Screen Start A Extension Register 


I/O Port Address: PCI 3D5h 

Index 1Dh 

Size (bits) 8 

MMIO Offset 74h 

Access Type Read/Write 
Bit Description 
7:5 Reserved 
4:3 Screen Start A Address [20:19] 
2:1 Reserved 
0 Offset [9] 


This register contains extension bits for the screen start A address and the offset. 


Bit 
7:5 
4:3 


Description 


Reserved 

Screen Start A Address [20:19]: This field extends the Display Start Address by 
two additional bits. Refer to the description of CRO on page 3-25, and summary of 
CRTC Timing registers on page 3-24. 


Reserved 


Offset [9]: This bit extends the offset field by one additional bit. Refer to the 
description of CRO on page 3-25, and summary of CRTC Timing registers on 
page 3-24. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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4.5 CR1E: CRTC Timing Overflow Register 


I/O Port Address: PCI 3D5h 

Index 1Eh 

Size (bits) 8 

MMIO Offset 78h 

Access Type Read/Write 
Bit Description 


O-NWKROON 


Horizontal Total [8] 
Horizontal Display End [8] 
Horizontal Blank Start [8] 
Horizontal Sync Start [8] 
Vertical Total [10] 

Vertical Display End [10] 
Vertical Blank Start [10] 
Vertical Sync Start [10] 


This register contains bits for extending the Horizontal and Vertical Timing Control registers. Refer 
to the description of CRO in Chapter 3, “VGA Core Registers”, fora summary of CRTC Timing reg- 


isters. 
Bit 

7 

6 


O;};—-+|/|M/o 


Description 
Horizontal Total [8]: This bit extends the horizontal total field to nine bits. 


Horizontal Display End [8]: This bit extends the horizontal display end field to nine 
bits. 


Horizontal Blank Start [8]: This bit extends the horizontal blank start field to nine 
bits. 


Horizontal Sync Start [8]: This bit extends the horizontal sync start field to nine 
bits. 


Vertical Total [10]: This bit extends the vertical total field to 11 bits. 

Vertical Display End [10]: This bit extends the vertical display end field to 11 bits. 
Vertical Blank Start [10]: This bit extends the vertical blank start field to 11 bits. 
Vertical Sync Start [10]: This bit extends the vertical sync start field to 11 bits. 


NOTE: When the CL-GD5465 is programmed for monochrome mode, the registers at I/O 3Dxh are at I/O 3Bxh. 
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4.6 GR9: Offset Register 0 
I/O Port Address: PCI 3CFh 
Index 09h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:0 Offset 0 [7:0] 


Offset addressing is retained on Laguna products for compatibility with heritage programs origi- 
nally written for the True Color VGA family. New programs should be written to use linear address- 
ing. 

This register provides access to up to 1 Mbyte of display memory with 4-Kbyte granularity. The 


contents of this register are added to A[19:12] when Extension register GRB[0] is set to ‘0’, or 
when GRBj0] is set to ‘1’ and SA15 is ‘0’. See GRB[5] on page 4-11. 


Prior to being modified by address-wrap controls, the Display Memory Address is called XMA. It 
is the sum of XA and an Offset register. XA is the address on the bus with bits 16 and 15 possibly 
forced to ‘0’ as indicated in the following table: 









Configuration XA[16] XA[14:0] 


64K memory: GR6[3:2] = 0, 1 and SA15] 


Offset 1 disabled: GRB[O] = 0 SA[14:0] 








64K memory: GR6[3:2] = 0,1 or 


Offset 1 enabled: GRB[0] = 1 SA[14:0] 

















The XA address is summed with the contents of an Offset register with one of the two relative 
alignments indicated below. 


Table 4-2. 1-Mbyte Memory, 4-Kbyte Granularity, VGA Mapping 


















































0 0 0 XA[16] | XA[15] | SA[14] | SA[13] | SA[12] 
+OFF[7] | OFF[6] | OFF[5] | OFF[4] | OFF[3] | OFF[2] | OFF[1] | OFF[O] 
XMA[19] | XMA[18] | XMA[17] }| XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12] 
Table 4-3. 4-Mbyte Memory, 16-Kbyte Granularity, VGA Mapping 
0 0 0 0) XA[16] | XA[15] | SA[14] | SA[13] | SA[12] 
+OFF[6] | OFF[5] | OFF[4] | OFF[3] | OFF[2] | OFF[1] | OFF[O] 0 0 
XMA[20] | XMA[19] | XMA[18] | XMA[17] | XMA[16] | XMA[15] | XMA[14] | XMA[13] | XMA[12] 
Bit Description 
7:0 Offset 0 [7:0]: This value is added to A[19:12] to provide the address into display 


memory. This Offset register is selected when GRB[0] is set to ‘0’, or when GRB[O] 
is ‘1’ and SA15 is ‘0’. 
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4.7 GRA: Offset Register 1 


I/O Port Address: PCI 3CFh 
Index OAh 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:0 Offset 1 [7:0] 


This register provides access to up to 1 Mbyte of display memory with 4-Kbyte granularity. The 
contents of this register are added to A[19:12] when Extension register GRB[O] is set to ‘1’ and 
SA15 is ‘1’. 


This provides an additional 32-Kbyte window into 1 Mbyte of display memory with 4-Kbyte granu- 
larity. 


See GRB[5] on page 4-11. 


Bit Description 
7:0 Offset 1 [7:0]: This value is added to A[19:12] to provide the address into display 


memory. This Offset register is selected when GRB[O] is set to ‘1’, and SA15 is ‘1’. 
If GRB[O] is set to ‘0’, this register is unused. 
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4.8 GRB: Graphics Controller Mode Extensions Register 


I/O Port Address: PCI 3CFh 
Index OBh 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5 Offset Granularity 
4:1 Reserved 
0 Enable Offset Register 1 


This register enables or disables the second Offset register. 


Bit 
7:6 
5 


Description 
Reserved 


Offset Granularity: If this bit is ‘1’, the offset registers are redefined as containing 
bits [6:0] which are added to the address bits [21:14] to provide access to 4 Mbytes 
of display memory with 16-Kbyte granularity. SR7[4] (the least-significant bit of the 
1-Mbyte address page) becomes a don’t care. 


Reserved 


Enable Offset Register 1: If this bit is set to ‘1’, then SA15 selects between Offset 
registers 0 and 1. If this bit is set to ‘0’, Offset register 0 is always selected, regard- 
less of the value of SA15. 
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4.9 


SR6: Unlock I/O Extensions Register 


I/O Port Address: PCI 3C5h 

Index 06h 

Size (bits) 8 

MMIO Offset = 

Access Type Read only 
Bit Description Reset State 
7:0 Extensions Register Access Value 0001 0010 


This register provides compatibility with programs that use SR6 to identify Cirrus Logic products. 


Bit Description 
7:0 Extensions Register Access Value: This read-only field returns the value ‘12h’. 


Writing to this register does nothing. 
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4.10 SR7: Extended Sequencer Mode Register 


I/O Port Address: PCI 3C5h 

Index 07h 

Size (bits) 8 

MMIO Offset = 

Access Type Read/Write 
Bit Description Reset State 
7:1 Reserved 
0 8-bpp Packed Pixel 0 


This register selects 8-bpp Packed-Pixel modes. 


Bit Description 
Pal Reserved 
0 8-bpp Packed Pixel: If this bit is programmed to ‘1’, 8-bpp (256 color) Packed-Pixel 


modes are enabled. For the VGA aperture, these are true Packed-Pixel modes in 
which consecutive pixels on the screen are stored consecutively in memory. 

If this bit is programmed to ‘0’, Mode 13h or Mode X 8-bpp addressing is used. 
Chain4 mode is used and consecutive pixels are stored at every fourth byte in the 
frame buffer. 
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4.11 SR9, SRA, SR14, SR15: Scratch Pad 0, 1, 2, 3 Registers 


I/O Port Address: PCI 3C5h 
Index 09h, OAh, 14h, 15h 
Size (bits) 8 
MMIO Offset = 
Access Type Read/Write 
Bit Description 
7:0 R/W Data [7:0] 


These four registers are reserved for the exclusive use by the CL-GD5465 BIOS, and must never 
be written to by any application program. This register description is included for completeness 


only. 
Bit Description 
7:0 R/W Data [7:0]: These bits are reserved for the Cirrus Logic BIOS. 
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4.12 SROB, SROC, SROD, SROE: Denominator and Post-Scalar Registers 


I/O Port Address: PCI 3C5h 
Index OBh, OCh, ODh, OEh 
Size (bits) 8 
MMIO Offset 84h (SROE) 
Access Type Read/Write 
Bit Description 
7:1 VCLK Denominator [6:0] 
0 VCLK Post-Scalar (+2) 


These registers, in conjunction with SR1B-SR1E, program the frequency of video clocks 0 
(VCLKO) through 3 (VCLK3). The reset values for these four registers are in the VCLK Numerator 
description on page 4-18. Registers SRE and SR1E are accessible using MMIO. 


Bit Description 

LA VCLK Denominator [6:0]: This 7-bit field is the denominator for the VCLK synthe- 
sizer. 

0 VCLK Post-Scalar (+2): If this bit is programmed to ‘1’, the output of the synthe- 


sizer is divided by two. If this bit is programmed to ‘0’, the output of the synthesizer 
is used without being divided by two. 
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4.13 SR18: Signature Generator Control Register 


I/O Port Address: PCI 3C5h 
Index 18h 
Size (bits) 8 
MMIO Offset 90h 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5 Enable Data Generator 
4:3 Reserved 
2 Upper Byte Select 
1 Reset Signature Generator 
0 Signature Generator Enable/Status 


This register controls and monitors the status of the signature generator. The CL-GD5465 signa- 
ture generator allows board-level testing of the video subsystem. Refer to Appendix B7, “Manu- 
facturing Test”, for a complete description of the signature generator, including sample code. 


Bit 
7:6 
5 
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Description 
Reserved 


Enable Data Generator: If this bit is set to ‘1’, pseudo-random data is placed on 
the memory data bus. This is used in conjunction with the signature generator. This 
mode is intended for factory testing only. 


Reserved 


Upper Byte Select: If this bit is ‘1’, the upper byte of the 24-bit signature is read 
from SR1A. If this bit is ‘0’, the middle byte of the 24-bit signature is read from 
SR1A. The low byte of the 24-bit signature is always read from SR19. 


Reset Signature Generator: When this bit is set to ‘1’, the signature generator is 
reset to an initially defined condition. When this bit is set to ‘0’, the signature gen- 
erator is allowed to run under the control of SR18[0]. 


Signature Generator Enable/Status: When this bit is set to ‘1’, the signature gen- 
erator begins operation on the next VSYNC. It accumulates a signature for one 
video frame and stops. This bit is forced to ‘0’ when the signature is complete. By 
monitoring this bit, the program can determine when the signature is complete. 
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4.14 SR19, SR1A: Signature Generator Result Registers 


I/O Port Address: PCI 3C5h 

Index 19h, 1Ah 

Size (bits) 8 

MMIO Offset 94h, 98h 

Access Type Read only 
Bit Description Reset State 
7:0 Signature Generator Result [7:0] 0 


These two registers contain the signature generator result. 


Bit Description 
7:0 Signature Generator Result [7:0]: The 24-bit signature is read from these two 
registers. The bytes are available as indicated in the following table: 








Copyright 1997 — Cirrus Logic Inc. 4-17 May 1997 


EXTENDED I/O REGISTERS CL-GD5464 Technical Reference Manual 


4.15 SR1B, SR1C, SR1D, SR1E: VCLK 0, 1, 2, 3 Numerator Registers 


I/O Port Address: PCI 3C5h 
Index 1Bh, 1Ch, 1Dh, 1Eh 
Size (bits) 8 
MMIO Offset 88h (SR1E) 
Access Type Read/Write 
Bit Description 
7 Use MCLK (SR1E) 
6:0 VCLK Numerator [6:0] 


These registers, in conjunction with SROB—SROE, determine the frequency of the video clocks. 
Registers SRE and SR1E (VCLK3) are accessible using MMIO offset address. 


Bit Description 
c Use MCLK (SR1E): For SR1E only, if this bit is programmed to ‘1’, VCLK is driven 


by MCLK. This mode is intended for factory testing only. This bit is reserved on 
SR1B, SR1C, and SR1D. 

6:0 VCLK Numerator [6:0]: The following table shows the values these registers are 
loaded at RESET time: 











Clock Freq. (MHz) N D P | Numerator sip oe 
VCLKO 25.180 102 | 29 1 66h 3Bh 
VCLK1 28.325 91 23 1 5Bh 2Fh 
VCLK2 41.165 69 24 0 45h 30h 
VCLK3 36.082 126 | 25 1 7Eh 33h 
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5. PC! CONFIGURATION REGISTERS 


The PCI Configuration registers in the CL-GD5465 are summarized in Table 5-1. 


Table 5-1. PCI Configuration Registers Quick Reference 





















































Register Name PO oa MMIO Offset ae Page 
PCIO0: PCI Vendor ID 00h 300h 16 5-3 
PCI02: PCI Device ID 02h 302h 16 5-4 
PCl04: PCI Command 04h 304h 16 55 
PCI06: PCI Status 06h 306h 16 5-6 
PCI08: PCI Revision ID 08h 308h 8 5-3 
PCI09: PCI Class Code 09h 309h 24 5-9 
PCIOD: PCI Master Latency Timer ODh 30Dh 8 5-10 
PCIOE: PCI Header Type OEh 30Eh 8 5-11 
PCl10: PCI Frame Buffer Base Address 10h 310h 32 5-12 
PCl14: PCI MMIO Base Address 14h 314h 32 5-13 
PCI2C: PCI Subsystem Vendor ID 2Ch 32Ch 16 5-14 
PCI2E: PCI Subsystem ID 2Eh 32Eh 16 5-15 
PCI30: PCI Expansion ROM Base Address Enable 30h 330h 32 5-16 
PCI34: PCI Capabilities Pointer 34h 334h 32 5-17 
PCI3C: PCI Interrupt Line 3Ch 33Ch 8 5-18 
PCI3D: PCI Interrupt Pin 3Dh 33Dh 8 Bo 
PCI80: PCI Capability Identifier 80h 380h 32 5-20 
PCIEC: VS_STRAP_OPT ECh 3ECh 32 5-21 
PCIF4: VS_CLK_CONTROL F4h 3F4h 32 5-26 
PCIF8: PCI VGA Shadow F8h 3F8h 32 5-28 
PCIFC: PCI Vendor Specific Control FCh 3FCh 32 B-29 
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5.1 


PCIOO: PCI Vendor ID Register 


I/O Port Address: PCI Configuration 00h 

Index i 

Size (bits) 16 

MMIO Offset 300h 

Access Type Read only 
Bit Description Reset Value 
15:0 Vendor ID [15:0] 0001 0000 0001 0011 


This register contains the vendor ID required for PCI compliance. 


Bit Description 
15:0 Vendor ID [15:0]: This read-only field contains the vendor ID assigned to Cirrus 


Logic. The value returned is ‘1013h’. 
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5.2 PCI02: PCI Device ID Register 


I/O Port Address: PCI Configuration 02h 

Index = 

Size (bits) 16 

MMIO Offset 302h 

Access Type Read only 
Bit Description Reset Value 
15:8 Device ID [15:8] 0 
7 Device ID [7] 1 
6 Device ID [6] 1 
5 Device ID [5] 0 
4 Device ID [4] 1 
3 Device ID [3] 0 
2 Device ID [2] 1 
1 Device ID [1] 1 
0 Device ID [0] 0 


This register contains the device ID required for PC! compliance. 


Bit Description 
15:0 Device ID [15:0]: This read-only field contains the device ID assigned by Cirrus 


Logic to the CL-GD5465. The value is ‘D6h’. 
For reference, the device IDs of all Laguna family members are listed. 

















Name Number Device ID 

Laguna CL-GD5462 00DOh 
Laguna 3D CL-GD5464 00D4h 
Laguna 3DA CL-GD5465 00D6h 
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5.3 


PCI CONFIGURATION REGISTERS 


PCI04: PCI Command Register 


I/O Port Address: PCI Configuration 04h 

Index ae 

Size (bits) 16 

MMIO Offset 304h 

Access Type Read/Write 
Bit Description Reset Value 
15:10 Reserved 0 
9 Bus Master Fast Back-to-Back Capable 0 
8:6 Reserved 0 
5 VGA Palette Snooping 0 
4:3 Reserved 0 
2 Bus Master Enable 0 
1 Enable Memory Accesses 0 
0 Enable I/O Accesses 0 


This is the PCI Command register. 


Bit 
15:10 
9 


8:6 
5 


Description 


Reserved: These bits are reserved and must be programmed to ‘0’. 


Bus Master Fast Back-to-back Capable: This bit is always ‘0’ indicating that as a 
PCI bus master the CL-GD5465 is not capable of fast back-to-back cycles. 
Reserved: These bits are reserved and must be programmed to ‘0’. 

VGA Palette Snooping: This bit controls the response of the CL-GD5465 to VGA 
palette write cycles (writes to I/O addresses 3C6h—3CQ9h) when not in VGA mode. 
If this bit is ‘1’, the CL-GD5465 does not activate DEVSEL#. When it detects that 
the cycle is complete, it latches the data. It responds normally to read cycles. 


If this bit is ‘0’, the CL-GD5465 takes the VGA palette write normally and returns 
DEVSEL#. 


Reserved: These bits are reserved and must be programmed to ‘0’. 


Bus Master Enable: If this bit is set to ‘1’, it enables the CL-GD5465 as a PCI bus 
master. 


Enable Memory Accesses: If this bit is programmed to ‘1’, memory accesses are 
enabled on the CL-GD5465. If this bit is programmed to ‘0’, memory accesses are 
not enabled on the CL-GD5465. Memory-mapped I/O access is controlled with this 
bit. 

Enable I/O Accesses: If this bit is programmed to ‘1’, I/O accesses are enabled on 
the CL-GD5465. If this bit is programmed to ‘0’, I/O accesses are not enabled on 
the CL-GD5465. Configuration accesses are always enabled. 
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5.4 PCI06: PCI Status Register 


I/O Port Address: PCI Configuration O6h 
Index a 
Size (bits) 16 
MMIO Offset 306h 
Access Type Read/Write 
Bit Description Reset State 
15:14 Reserved 0 
13 Bus Master Master-Abort 0 
12 Bus Master Target-Abort 0 
11 Bus Slave Target-Abort 0 
10:9 DEVSEL# Timing [1:0] See Description 
8 Reserved 0 
7 Fast Back 1 
6 Reserved 0 
5 Capable _66 MHz See Description 
4 Capabilities List (Read only) 1 
3:0 Reserved 0 


This is the PCI Status register. 


Bit 
15:14 
13 


12 


11 


10:9 
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Description 
Reserved 


Bus Master Master-Abort: This bit is set to ‘1’ by the CL-GD5465 whenever, as a 
PCI bus master, it terminates a transaction with a master-abort. This bit is cleared 
by writing ‘1’ to it. 

Bus Master Target-Abort: This bit is set to ‘1’ by the CL-GD5465 whenever, as a 
PCI bus master, a transaction is terminated with a target-abort. This bit is cleared 
by writing ‘1’ to it. 

Bus Slave Target-Abort: This bit is set to ‘1’ by the CL-GD5465 whenever it termi- 
nates a transaction with a target-abort. This bit is cleared by writing ‘1’ to it. 
DEVSEL# Timing [1:0]: This read-only field always returns a value consistent with 
DEVSEL# timing. This value depends on strapping options asshown below: 























Strapping Options 
(RA [6:4]) Bus Case Value Returned 
101b PCI 33-MHz 00 (Fast DEVSEL#) 
100b PCI 66-MHz | 01 (Medium DEVSEL#) 
Reserved 


Fast Back: This read-only bit returns ‘1’, indicating the CL-GD5465 is capable of 
accepting fast back-to-back transactions when it is not the target of both transac- 
tions. 


Reserved 
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5.4 PCI06: PCI Status Register (cont.) 


Bit Description 
5 Capable_66 MHz: This bit returns a value reflecting the state of the 66-MHz strap- 


ping option. If strapping options RA[6:4] are 111b, 100b, 011b, or 001b, this bit is a 
‘1’. For all other cases of RA[6:4], this bit is a ‘0’. 


4 Capabilities List; This read-only bit returns ‘1’ indicating that the CL-GD5465 sup- 
ports a linked list of capabilities, such as AGP. PCI34 contains an offset into the PCI 
configuration space that points to the first item in the list. 


3:0 Reserved 
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5.5 PCI08: PCI Revision ID Register 


I/O Port Address: PCI Configuration 08h 

Index oe 

Size (bits) 8 

MMIO Offset 308h 

Access Type Read only 
Bit Description Reset Value 
7:0 Revision ID [7:0] X 


This register contains the revision status for the device. 


Bit Description 
7:0 Revision ID [7:0]: This read-only field contains the revision ID assigned by 


Cirrus Logic. No application program should ever take any action based on the 


contents of this field. 
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5.6 PCIO09: PCI Class Code Register 


I/O Port Address: PCI Configuration 09h 

Index - 

Size (bits) 24 

MMIO Offset 309h 

Access Type Read only 
Bit Description Reset Value 
23:18 Base-Class Code [7:2] 0 
17 Base-Class Code [1] 1 
16 Base-Class Code [0] 1 
15 Sub-Class Code [7] X 
14:8 Sub-Class Code [6:0] 0 
7:0 Programming Interface [7:0] 0 


This register contains the class code that identifies the type of CL-GD5465 device. 


Bit Description 
23:16 Base-Class Code [7:0]: This field returns the value ‘O3h’ for a display device. 
15:8 Sub-Class Code [7:0]: This field returns the value ‘00h’ for VGA-compatible con- 


troller, if RD7 has no configuration pull-down resistor. This field returns the value 
‘80h’ for ‘other display controller’, if RD7 has a configuration pull-down resistor. 


7:0 Programming Interface [7:0]: This field returns the value ‘OOh’. 
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5.7 PCIOD: PCI Master Latency Timer Register 


I/O Port Address: PCI Configuration ODh 

Index oe 

Size (bits) 8 

MMIO Offset 30Dh 

Access Type Read/Write 
Bit Description Reset Value 
7:0 Latency Timer [7:0] 0 


This register specifies the latency timer value in PCI bus clocks. This register is initialized by the 
BIOS when configuring the CL-GD5465 as a PCI bus master. 


Bit Description 

7:0 Latency Timer [7:0]: This field is programmed in terms of PCI bus clocks. The 
least-significant three bits are hardwired to ‘0’, resulting in a granularity of eight PCI 
bus clocks. 
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5.8 


PCIOE: PCI Header Type Register 


I/O Port Address: PCI Configuration OEh 

Index = 

Size (bits) 8 

MMIO Offset 30Eh 

Access Type Read only 
Bit Description Reset Value 
7:0 Header Type [7:0] 0 


This read-only register always returns the value ‘OOh’. 


Bit Description 
7:0 Header Type [7:0]: This field returns the value ‘00h’. 
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5.9 PCI10: PCI Frame Buffer Base Address Register 


I/O Port Address: PCI Configuration 10h 

Index i 

Size (bits) 32 

MMIO Offset 310h 

Access Type Read/Write 
Bit Description Reset Value 
31:25 Frame Buffer Base Address [31:25] 0 
24:4 Reserved 0 
3 Prefetchable 0 
2:1 Type [1:0] 0 
0 Memory/lO Indicator 0 


This register defines the base address for the CL-GD5465 frame buffer. The register is sized to 
reserve a 32-Mbyte space. 


Bit Description 


31:25 Frame Buffer Base Address [31:25]: The system BIOS configures this read/write 
field to the base address of the frame buffer. Thirty-two Mbytes are addressable, as 
two sets of four byte-swapping apertures. 


24:4 Reserved 

3 Prefetchable: This bit always reads as ‘0’ to indicate the frame buffer is not 
prefetchable. 

2:1 Type [1:0]: This field returns ‘OOb’, indicating the frame buffer mapping can be any- 
where in the 32-bit address space. 

0 Memory/IO Indicator: This read-only field indicates the type of address space 


requested. A ‘0’ value indicates memory. 
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5.10 PCI14: PCI MMIO Base Address Register 


I/O Port Address: PCI Configuration 14h 

Index i 

Size (bits) 32 

MMIO Offset 314h 

Access Type Read/Write 
Bit Description Reset Value 
31:15 MMIO Base Address [31:15] 0 
14:4 Reserved 0 
3 Prefetchable 0 
2:1 Type [1:0] 0 
0 Memory/IO Indicator 0 


This register defines the base address for the CL-GD5465 Memory-Mapped I/O registers. The 
register is sized to reserve a 32-Kbyte space. 


Bit Description 
31:15 MMIO Base Address [31:15]: The system BIOS configures this read/write field to 


the base address of the Memory-Mapped I/O registers. Sixty-four Kbytes are 
addressable, as two sets of four byte-swapping apertures. 


14:4 Reserved: These bits read back as ‘0’. 

3 Prefetchable: This read-only bit is always ‘0’ to indicate the registers are not 
prefetchable. 

2:1 Type [1:0]: This field returns ‘O0b’ to indicate that the MMIO register mapping can 
be done anywhere in the 32-bit memory space. 

0 Memory/IO Indicator: This read-only field indicates the type of address space 


requested. A ‘0’ value indicates memory. 
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5.11 PCI2C: PCl Subsystem Vendor ID Register 


I/O Port Address: PCI Configuration 2Ch 
Index = 
Size (bits) 16 
MMIO Offset 32Ch 
Access Type Read only 
Bit Description 
15:0 Subsystem Vendor ID [15:0] 


This register, in conjunction with the Subsystem ID register, uniquely identifies the adapter card 
containing the CL-GD5465 device. 


Bit 
15:0 
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Description 


Subsystem Vendor ID [15:0]: This read-only field returns the value read from 
BIOS ROM locations, XFF8h and XFFQh, where X is either ‘7’ or ‘F’, depending on 
the size of the BIOS ROM. 


If no ROM is used (ROMCS# pin tied to ground), this register returns the value 
‘0000h’, indicating that this register is not implemented. This is appropriate if the 
CL-GD5465 is installed on the motherboard. This register can be written if the 
SUBSYSTEM_REG_EN bit of the Vendor Specific Control register (PCI configura- 
tion FCh) is set. 


This field identifies the vendor of the adapter card containing the CL-GD5465. It 
provides a method for adapter card vendors to distinguish their cards from one 
another even though they have the CL-GD5465 devices in common. This is neces- 
sary, for example, to ensure the correct drivers are loaded when replacing cards. 
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5.12 PCI2E: PCI Subsystem ID Register 


I/O Port Address: PCI Configuration 2Eh 
Index = 
Size (bits) 16 
MMIO Offset 32Eh 
Access Type Read only 
Bit Description 
15 AGP/PCI Host 


14:0 


Subsystem ID [15:0] 


This register, in conjunction with the Subsystem Vendor ID register, uniquely identifies the adapter 
card containing the CL-GD5465 device. 


Bit 
15 


14:0 


Description 


AGP/PCI Host: This read-only indicates whether the CL-GD5465 is configured for 
AGP host interface (‘0’) or PCI host interface (‘1’). This bit is read-only. 


Subsystem ID [15:0]: This read-only field returns the value read from BIOS ROM 
locations, XFFAh and XFFBh, where X is either ‘7’ or ‘F’ depending on the BIOS 
size. 


If no ROM is used (ROMCS# pin tied to ground), this field returns the value ‘O000h’, 
indicating that this field is not implemented. This is appropriate if the CL-GD5465 
is installed on the motherboard. This field can be written if the 
SUBSYSTEM_REG_EN bit of the Vendor Specific Control register (PCI configura- 
tion FCh) is set. 


This field identifies the vendor of the adapter card containing the CL-GD5465. It 
provides a method for adapter card vendors to distinguish their cards from one 
another even though they have the CL-GD5465 devices in common. This is neces- 
sary, for example, to ensure the correct drivers are loaded when replacing cards. 
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5.13 PCI30: PCI Expansion ROM Base Address Enable Register 


I/O Port Address: PCI Configuration 30h 
Index i 
Size (bits) 32 
MMIO Offset 330h 
Access Type Read/Write 
Bit Description Reset Value (PCI) 
31:15 Expansion ROM Base Address [31:15] 0 
14:1 Reserved 0 
0 ROMCS# Enable 0 


This 32-bit register defines the base address of the CL-GD5465 expansion ROM. 


Bit 
31:15 


14:1 
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Description 


Expansion ROM Base Address [31:15]: The system BIOS programs this 17-bit 
field to the base address of the 32-Kbyte BIOS ROM. If RA15 has no pull-down 
resistor, the CL-GD5465 is configured for a 64-Kbyte BIOS and bit 15 is a read-only 
‘0’. If RA15 has no pull-down resistor, the CL-GD5465 is configured for a 32-Kbyte 
BIOS and bit 15 is programmable. 


Reserved 


ROMCS# Enable: When this bit is programmed to ‘1’ and PCI Command bit 1 is 
programmed to ‘1’, the CL-GD5465 responds to BIOS ROM accesses. When either 
of these two bits is programmed to ‘0’, the CL-GD5465 does not respond to BIOS 
ROM accesses. 
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5.14 PCI34: PCI Capabilities Pointer Register 


I/O Port Address: PCI Configuration 34h 
Index - 
Size (bits) 8 
MMIO Offset 334h 
Access Type Read only 
Bit Description Reset Value 
7:0 CAP_PTR 1000 0000 
This register specifies the offset onto the PCI configuration space of the first item in the capabilities 
linked list. 
Bit Description 
7:0 CAP_PTR: This field returns the value ‘80h’ for the CL-GD5465. 
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5.15 PCI3C: PCI Interrupt Line Register 


I/O Port Address: PCI Configuration 3Ch 

Index a 

Size (bits) 8 

MMIO Offset 33Ch 

Access Type Read/Write 
Bit Description Reset Value 
7:0 PCI Interrupt Line [7:0] INTA# Strap 


The value in this register indicates which interrupt request line (if any) is used by the CL-GD5465. 


Bit Description 
7:0 PCI Interrupt Line [7:0]: If no configuration pull-down resistor is installed on the 


INTA# pin, this is a read/write register. At reset, this register is set to ‘FFh’ to indi- 
cate that the CL-GD5465 is not claiming any interrupt line. The configuration soft- 
ware can program this register to ‘02h’ to allow the CL-GD5465 to use Interrupt 2 
for compatibility with some VGA programs. 


If a configuration pull-down resistor is installed on the INTA# pin, this is a read-only 
register that always returns the value ‘OOh’. In this case, no interrupt pin can be 
claimed by the CL-GD5465. 
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5.16 PCI3D: PCI Interrupt Pin Register 


I/O Port Address: PCI Configuration 3Dh 

Index i 

Size (bits) 8 

MMIO Offset 33Dh 

Access Type Read only 
Bit Description Reset Value 
771 Interrupt Pin [7:1] 0 
0 Interrupt Pin [0] INTA# 


This register indicates whether the CL-GD5465 is configured to claim an Interrupt pin. 


Bit Description 


15:8 Interrupt Pin [7:0]: If a pull-down configuration resistor is installed on INTA# pin, 
this register returns the value ‘00h’, indicating that an interrupt is not being used. If 
INTA# pin is pulled up (this is the case if it is connected to INTA# pin on the moth- 
erboard), this register returns the value ‘01h’, indicating that the CL-GD5465 V-Port 
uses PCI Interrupt A. 
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5.17 PCI80: Capability Identifier Register 


I/O Port Address: PCI 


Index 

Size (bits) 

MMIO Offset 

Access Type 
Bit Description 
31:24 Reserved 
23:20 MAJOR_REV 
19:16 MINOR_REV 
15:8 NEXT _PTR 
7:0 CAP_ID 


Configuration 80h 


32 
380h 
Read only 
Reset Value 
0 
0001 
0000 
0 
0000 0010 


This register contains the AGP capability information. This register is pointed to by PCI34. The 
AGP Status register (PCI84) always returns zeros on the CL-GD5465. 


Bit Description 

31:24 Reserved 

23:20 MAJOR_REV: This field returns ‘0001’ to indicate that the CL-GD5465 is compliant 
with AGP Revision 1.0. 

19:16 MINOR_REV: This field returns ‘0000’ to indicate that the CL-GD5465 is compliant 
with AGP Revision 1.0. 

15:8 NEXT_PTR: This field returns ‘0’ to indicate that the AGP capabilities is the last 
item in the linked list. 

7:0 CAP_ID: This field returns ‘02h’ to indicate that his linked list is the beginning of the 


AGP registers. 
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5.18 PCIEC: VS_STRAP_OPT 


I/O Port Address: Configuration ECh 
Size (bits) 32 
MMIO Offset 3ECh 
Access Type Read Only 

Bit Description 

31:27 Reserved 

26 INT_EN 

25 ROM_EN 

24 RAC_BYPASS 

23 VGA_EN 

22 64KROM 

21 DCLK_ATE 

20 VPORT_DATA_SRC 

19 TV_NTSC 

18 TV_PRESENT_N 

17 VPORT_PRESENT_N 

16 PCIPAD_ MODE 

15 RCLK_ATE 

14:7 Reserved 

6:4 AGP_CFG 

3:2 VMI MODE 

1 FC_SEL 

0 FC_EN 


This register returns strapping options. Strapping option polarity is chosen so that the most com- 
mon option is the default (high); on-chip pull-ups eliminate the need for external resistors to select 
the default. A 6.8-kQ pull-down is required to select the non-default option, except for ROMCS# 
and INTA#, which can be tied to ground. Interrupts are disabled by tying INTA# to ground; if tied 
to INTA# on the AGP or PCI bus, this pin is pulled high resistively on the motherboard to enable 
interrupts. VMl_MODE register is a new name for the GPIO Configuration register; this register is 
modified for the CL-GD5465. 


Bit Description 
31:27 Reserved 
26 INT_EN: Interrupt enable. When a pull-down is installed, or INTA# is tied directly to 


ground, no interrupt is requested. 





bad ml 


Request INTA# 


INTA# Disable INTA# 
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5.18 PCIEC:VS_STRAP_OPT (cont.) 


Bit 
25 


24 


23 


22 


May 1997 


Description 


ROM_EN: External ROM enable. When a pull-down is installed, or ROMCS# is tied 
directly to ground, the ROM decode is disabled. 





a 


Enable ROM decode 


ROMCS# | 75 Disable ROM decode and PCI30 





RAC_BYPASS: RAC operation. When a pull-down is installed (or SOUT is driven 
low at RESET time), RAC Bypass mode is selected. This is intended for factory 
testing only. 





a 


Normal RAC operation 


SOUT RAC Bypass mode (for ATE test) 





VGA_EN: Enable VGA operation. When a pull-down is installed, VGA operation is 
disabled. 





ee oe eee 


Enable VGA operation 


mol ; Disable VGA operation 





64KROM: Enables 64-Kbyte ROM decode. When a pull-down is installed, the 
CL-GD5465 is configured for a 32-Kbyte BIOS. 


bo a a 





Enable 64-Kbyte ROM decode 


RAL] Ve Disable 64-Kbyte ROM decode (32K ROM) 
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5.18 PCIEC:VS_STRAP_OPT (cont.) 


Bit 
21 


20 


19 


18 


17 


Description 


DCLK_ATE: DCLK Test mode. When a pull-down is installed, or when RD5 is 
driven low at RESET time, the DCLK pin drives the internal video clock directly. 
This is intended for factory testing only. 





SG 


DCLK pin operates normally 


RD[S] DCLK pin drives internal video clock directly (for test) 





VPORT_DATA_SRC: Redefine EV[7:0] as P[7:0] for V-Port data. If a pull-down is 
installed, the V-Port data is taken to be on TV[7:0]. This option precludes TV output. 





a 


V-Port data comes in on RA[14:7] 


RA[11] 12 V-Port data comes in on TV[7:0] 





TV_NTSC: If a pull-down is installed, the CL-GD5465 TV is configured for PAL. 


bo ad a 





TV-Out is in NTSC mode 


RA[10] 12 TV-Out is in PAL mode 





TV_PRESENT_N: If a pull-down is installed, the CL-GD5465 is configured for TV 
output. 





Co ed a 


TV-Out is not present 


RA[9] TV-Out is present 





VPORT_PRESENT_N: If a pull-down is installed, the CL-GD5465 is configured for 
V-Port. 





ees 


V-Port is not present 


RAB] V-Port is present 
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5.18 PCIEC:VS_STRAP_OPT (cont.) 


Bit 
16 


15 


14:7 


6:4 
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Description 


PCIPAD_MODE: If a pull-down is installed, the CL-GD5465 is configured for AGP 
mode for pad I/O. 





(cd a Co 


Selects PCI mode for PAD I/O 


RALZ] Selects AGP mode for PAD I/O 





RCLK_ATE: RCLK Test mode. When a pull-down is installed, or when RD6 is 
driven low at RESET time, the RCLK pin drives system directly. This is intended for 
factory testing only. 





Se 


RDI6] RCLK pin operates normally 


RCLK pin drives sysclk directly, no divide-by-4 (for ATE) 





Reserved: These bits are assigned, as configuration functions are assigned to 
RA[14:7]. 


AGP_CFG: Bus Configuration. pull-downs on these three pins select the host bus 
configuration. 





ane [Pon [tw ion 


111 AGP, no sideband, 66 MHz 
110 AGP, no sideband, 133 MHz 
101 PCI 33 MHz (fast DEVSEL# speed) 


ae ve 100 | PCI66 MHz (medium DEVSEL# speed) 
RA4] 115 011 Reserved 

010 Reserved 

001 Reserved 


000 Reserved 
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5.18 PCIEC:VS_STRAP_OPT (cont.) 


Bit Description 


3:2 VMI_MODE: Pull-downs on these two pins select whether the VMI interface is 
enabled, and for what mode of operation. 








tans [Pee [in Deinan 


VMI host interface disabled 

RA[3] 114 ‘: VMI host interface disabled 
RA[2] 113 01 VMI host interface Mode A 
00 VMI host interface Mode B 





1 FC_SEL: When a pull-down is installed, feature connector data is output on 
EV[7:0]. If no pull-down is installed, feature connector data is output on RA[14:7]. 





pie eee 


Multiplex Feature Connector data over RA[14:7] 
Multiplex Feature Connector data over EV[7:0] 





Re tle 0 (for adapter cards that need strict Feature Connector 
compatibility at reset) 
0 FC_EN: Enable feature connector operation at reset. 





eee ee 


Enable Feature Connector operation at reset 
Disable Feature Connector; force VMI operation 
(may be necessary to work correctly with some 
non-VMI compliant decoders) 


RAIO] 14 
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5.19 PCIF4: VS _CLK_CONTROL 


I/O Port Address: Configuration F4h 

Size (bits) 32 

MMIO Offset 3F4h 

Access Type Read/Write 
Bit Description Reset Value 
31:16 Reserved 0 
15 DISP_OTHER_EN 1 
14 SYNCLK_OTHER_EN 1 
13:9 Reserved 1 
8 TVOUT CLK _EN 1 
7 VW_CLK_EN 1 
6 VP_CLK_EN 1 
5 RAMDAC_CLK_EN 1 
4 VGA_CLK_EN 1 
3 EXT CLK_EN 1 
2 3D_CLK_EN 1 
1 STRETCH _CLK_EN 1 
0 2D CLK _EN 1 


This register enables and disables clocks for power management. For writes to this register, bit 15 
of VS Control (Configuration OxFC, MMIO 0x3FC) must be high. Extreme care must be used when 
writing this register. When a clock is disabled, accesses to that block may hang the part. On reset, 
all clocks are enabled. Writing a ‘0’ disables the clock. 


Bit 
31:16 
15 


14 


13:9 
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Description 

Reserved 

DISP_OTHER_EN: Display other clock enable. When this bit is ‘1’, the remaining 
modules that use video clock (that is, the modules not controlled by any other bit in 
this register) have their video clock enabled. When this bit is ‘0’, these modules 
have the video clock disabled. 

SYNCLK_OTHER_EN: SYNCLK other enable. When this bit is ‘1’, the remaining 
modules which use the SYNCLK (the is, the modules not controlled by any other 
bit in this register) have their SYNCLK enabled. When this bit is ‘0’", these modules 
have their SYNCLK disabled. 

Reserved 

TVOUT_CLK_EN: TV-Out module clock enable. When this bit is ‘1’, the TV-Out 
module clock is free running. When this bit is ‘0’, the TV-Out module clock is syn- 
chronously disabled and remains high. 
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5.19 PCIF4:VS_CLK_CONTROL (cont.) 


Bit 
7 


Description 


VW_CLK_EN: Video window pipeline clock enable. When this bit is ‘1’, the video 
window pipeline module clock is free running. When this bit is ‘0’, the video window 
pipeline module clock is synchronously disabled and remains high. 


VP_CLK_EN: V-Port module clock enable. When this bit is ‘1’, the V-Port module 
clock is free running. When this bit is ‘0’, the V-Port module clock is synchronously 
disabled and remains high. 


RAMDAC_CLK_EN: RAMDAC block clock enable. When this bit is ‘1’, the RAM- 
DAC block module clock is free running. When this bit is ‘0’, the RAMDAC block 
module clock is synchronously disabled and remains high. 


VGA_CLK_EN: VGA graphics pipeline clock enable. When this bit is ‘1’, the VGA 
graphics pipeline module clock is free running. When this bit is ‘0’, the VGA graph- 
ics pipeline module clock is synchronously disabled and remains high. 


EXT_CLK_EN: Extended mode graphics pipeline clock enable. When this bit is ‘1’, 
the extended mode graphics pipeline module clock is free running. When this bit is 
‘0’", the extended mode graphics pipeline module clock is synchronously disabled 
and remains high. 

3D_CLK_EN: 3D accelerator engine clock enable. When this bit is ‘1’, the 3D 
accelerator engine module clock is free running. When this bit is ‘0’, the 3D accel- 
erator engine module clock is synchronously disabled and remains high. 
STRETCH_CLK_EN: Front end stretch engine clock enable. When this bit is ‘1’, 
the front end stretch engine module clock is free running. When this bit is ‘0’, the 
front end stretch engine module clock is synchronously disabled and remains high. 
2D_CLK_EN: 2D accelerator engine clock enable. When this bit is ‘1’, the 2D 
accelerator engine module clock is free running. When this bit is ‘0’, the 2D accel- 
erator engine module clock is synchronously disabled and remains high. 
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5.20 PCIF8: PCI VGA Shadow Register 


I/O Port Address: PCI Configuration F8h 

Index i 

Size (bits) 32 

MMIO Offset 3F8h 

Access Type Read/Write 
Bit Description Reset Value 
31:13 Reserved 0 
12 VGA_GCI6 0 
11:10 VGA_MM[1:0] 0 
9 VGA_DSPL_MEM EN 0 
8 CRTC_ADRS 0 
7:0 Reserved 0 


This register contains copies of various register bits in the VGA device. They are updated as the 
corresponding VGA registers are written. This register can be written directly, but there is normally 
no need for it. 


Bit Description 

31:13 Reserved 

12 VGA_GCI6: When the value in the VGA Graphics Controller index is ‘06h’ (3CEh), 
‘1’ is returned in this bit position. When the value is anything other than ‘O6h’, ‘0’ is 
returned. 

11:10 VGA_MM[1:0]: This field is a copy of the Memory Map field contained in GR6[3:2] 
(3CFh, index 06h). 

9 VGA_DSPL_MEM_EN: This bit is a copy of the Enable Display Memory bit in 
MISC[1] (8C2h). 

8 CRTC_ADRS: This bit is a copy of the CRTC I/O Address bit in MISC[O] (3C2h). 

7:0 Reserved 
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5.21 PCIFC: PCI Vendor Specific Control Register 


I/O Port Address: PCI Configuration FCh 

Index - 

Size (bits) 32 

MMIO Offset 3FCh 

Access Type Read/Write 

Bit Description Reset State 
31:30 Reserved 10 
29 MSTR_CLK_POL 0 
28 EXT DISP xX 
27 Reserved 0 
26 PLL_RESET 0 
25 SW_RESET 0 
24 RAC_PWRUP 1 
23:20 TQFREE[3:0] 0111 
19 Reserved 1 
18 LOCK_ENABLE 1 
17 AD_CTRL 0 
16 QUEUE FLUSH 0 
15 Reserved 00 
14 TD_BRST_EN 0 
13 FB BRST_EN 1 
12 HD _BRST_EN 1 
11 CLK_REG_EN 0 
10 RETRY_EN 1 
9:8 BRST_WS [1:0] 0 
7:6 RAC_TX_LD[1:0] 1 
5 RAC_RX_LD[1] 0 
4 RAC_RX_LD[0] 1 
3:2 Reserved 00 
1 SUBSYSTEM REG_EN 0 
0 MEM CFG_RSP 0 


This register contains vendor-specific controls used for optimizing and controlling the host inter- 
face. No application program should ever write to this register. 


Bit Description 
31:30 Reserved 
29 MSTR_CLK_POL: If this bit is ‘0’, the CL-GD5464 uses negative host clock to syn- 


chronize master data. If this bit is ‘1’, the CL-GD5464 uses positive host clock to 
synchronize master data. 


28 EXT_DISP: If this bit is programmed to ‘1’, Extended Display modes are enabled. 
If this bit is programmed to ‘0’, standard IBM VGA Display modes are enabled. 
27 Reserved 
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5.21. PCIFC: PCI Vendor Specific Control Register (cont.) 


Bit 
26 


25 


24 


23:20 


19 
18 


17 


16 


15 
14 


13 


12 


11 


May 1997 


Description 


PLL_RESET: If this bit is ‘1’, the internal Rambus clock PLL is reset. If this bit is ‘0’, 
the internal Rambus clock PLL operates normally. 


SW_RESET: If this bit is ‘1’, the CL-GD5465 is reset, but does not reload the con- 
figuration options. If this bit is ‘0’, the CL-GD5465 operates normally. 


RAC_PWRUP: If this bit is ‘1’, the RAC is powered up and operates normally. If this 
bit is ‘0’, the RAC is powered down. 


TQFREE[3:0]: This read-only field returns the number of entries available in the 
host interface transaction queue. 


Reserved 


LOCK_ENABLE: When this bit is ‘1’, the LOCK# function is enabled. When this bit 
is ‘0’, the LOCK# function is disabled and the CL-GD5465 never places the LOCK# 
pin in the active state. 


AD_CTRL: If this bit is programmed to ‘0’, read data is driven onto the PCI bus 
asynchronous to the PCI clock. If this bit is programmed to ‘1’, read data is driven 
onto the bus synchronous to the PCI clock when TRDY* is asserted. 


QUEUE_FLUSH: If this bit is programmed to ‘1’, the host interface read and trans- 
action queues are reset (all entries are removed). If this bit is programmed to ‘0’, 
the host interface transaction queue operates normally. 


Reserved 


TD_BRST_EN: If this bit is programmed to ‘1’, PCI bus burst write attempts to the 
HDATA_3D (coprocessor indirect port) at address 0x4800 are enabled and occur 
normally. If this bit is programmed to ‘0’, PCI bus burst write attempts to the 
HDATA_3D port are broken into single PCI write cycles. The CL-GD5465 asserts 
the STOP# signal to cause a target disconnect and does not permit burst to this 
address range. This bit is set to ‘0’ at reset. This bit is not functional on revision AC 
or earlier silicon. 


FB_BRST_EN: If this bit is programmed to ‘1’, PCI bus burst attempts to the frame 
buffer are enabled and occur normally. If this bit is programmed to ‘0’, PCI bus burst 
attempts to the frame buffer are broken into single transactions. The CL-GD5465 
asserts the STOP# signal to cause a target disconnect. This effectively disables 
bursts to the frame buffer. 

HD_BRST_EN: If this bit is programmed to ‘1’, PCI bus burst attempts to the 2D- 
engine host data addresses are enabled and occur normally. If this bit is pro- 
grammed to ‘0’, PCI bus burst attempts to the 2D-engine host data addresses are 
broken into single transactions. The CL-GD5465 asserts the STOP# signal to 
cause a target disconnect. This effectively disables bursts to the 2D-engine host 
data. 

CLK_REG_EN: If this bit is ‘1’, the VS_CLOCK_CONTROL (PCIF4) register can 
be written. Normally this bit should be ‘0’. 
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5.21. PCIFC: PCI Vendor Specific Control Register (cont.) 


Bit 
10 


9:8 


7:6 


5:4 


Description 


RETRY_EN: If this bit is programmed to ‘1’, no more than 16-wait states are 
inserted into a PCI bus transaction before a retry occurs. If this bit is programmed 
to ‘0’, wait states are inserted when it is necessary for completion of the transaction. 
No retry is ever attempted. 


BRST_WS [1:0]: This two-bit field controls the number of wait states inserted 
between burst write data cycles on the PCI bus. 








BRST_WS Wait States 
00b 0 
O1b 1 
10b 2 
11b 3 

















RAC_TX_LD[1:0]: This two-bit field determines on which BCLK phase the parallel 
data is loaded for transmission on the serial Rambus channel. These bits are 
decoded to drive RAC inputs BC_SEL[1:0], BE_SEL[1:0], and BD_SEL[3:0] 
according to the table below: 


RAC_TX_LD[1:0] Bx_SEL[3:0] 























RAC_RX_LD[1:0]: This two-bit field determines on which BCLK phase the 
received serial Rambus data is loaded and available in parallel form. These bits are 
decoded to drive RAC inputs RC_SEL[3:0] and RD_SEL[3:0] according to the table 
below: 














RAC_RX_LD[1:0] Rx_SEL[3:0] 
00 0001 
01 0010 
10 0100 
11 1000 
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5.21. PCIFC: PCI Vendor Specific Control Register (cont.) 


Bit 
3:2 
1 
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Description 


Reserved 


SUBSYSTEM_REG_EN: If this bit is ‘1’, the SUBSYSTEM ID registers at PCI2C 
and PCI2E can be written. If this bit is ‘0’, writes to PCI2C and PCI2E are ignored. 


MEM_CFG_RSP: If this bit is programmed to ‘0’, the Configuration registers are 
not accessible in memory space. When this bit is programmed to ‘1’, the Configu- 
ration registers are accessible in memory space. The reset state of this bit is ‘0’. 
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The Rambus registers in the CL-GD5465 are summarized in Table 6-1. These registers are only 


accessible with memory-mapped 1/O. 


Table 6-1. Rambus® Registers Quick Reference 

















Register Name MMIO Offset Size (Bits) Page 
RIF Control 200h 16 6-3 
RAC Control 202h 16 6-5 
Rambus Transaction 204h 16 6-7 
Rambus Data 240h 32 6-8 
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6.1 


RIF Control Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:14 
13:12 
11 
10:8 
7 

6:4 

3 

2:0 


16 

200h 

Read/Write 
Description Reset State 
RAM_TYPE[1:0] 00 
READ_ HIT [1:0] 01 
STOP_REFRESH 0 
CLEAN_MISS [2:0] 010 
SOUT X 
DIRTY_MISS [2:0] 100 
INIT 0 
N_BANKS [2:0] 111 


This register controls the operation of the RIF (Rambus interface). No application program should 
ever write to this register. 


Bit 
15:14 


13:12 


11 


10:8 


Description 
RAM_TYPE[1:0]: This field configures the CL-GD5464 for the type of RDRAM 


used. Only one type of RDRAM can be used in an application. 














RAM_TYPE Definition 

00 16/8-Mbit RDRAM 

01 16-Mbit concurrent RDRAM 
10 32-Mbit concurrent RDRAM 
11 64-Mbit concurrent RDRAM 














READ_HIT [1:0]: This two-bit field specifies the number of CLK cycles between 
accepting a request packet from the requester (ACK is ‘1’), and returning read data 
(RDY is ‘1’). The value programmed is four less than the actual number of cycles. 
The reset state is ‘01b’, which implies five cycles. This field must be programmed 
to ‘10b’ for concurrent RDRAMs. 

STOP_REFRESH: When this bit is set to ‘1’, DRAM refresh cycles are not per- 
formed. 

CLEAN_MISS [2:0]: This three-bit field specifies the number of CLK cycles to retry 
access for aclean miss. The value programmed is four less than the actual number 
of cycles. The reset state is ‘010b’, which implies six cycles. 

SOUT: This bit controls the SOUT pin. This pin is used to initialize the RDRAMs. 
DIRTY_MISS [2:0]: This three-bit field specifies the number of CLK cycles to retry 
access for a dirty miss. The value programmed is four less than the actual number 


of cycles. The reset state is ‘100’, which implies eight cycles. For concurrent 
RDRAMs, this field specifies the number of RDRAM devices. 
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6.1 RIF Control Register (cont.) 


Bit 
3 


2:0 
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Description 


INIT: When this bit is ‘0’ (the reset state), it is a signal to the RIF that the RDRAM 
timing parameters are not initialized. It also signals that the default RDRAM timing 
parameters need to be used. Only RReg, WReg, and WREGB cycles are sup- 
ported prior to RDRAM initialization. This bit is programmed to ‘1’ after the RDRAM 
initialization. 

N_BANKS [2:0]: This three-bit field is programmed with the number of RDRAM 
banks. This determines the number of RDRAMs that must be refreshed with each 
refresh cycle. 
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6.2 RAC Control Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5:0 


16 
202h 
Read/Write 


Description Reset State 
STOP_EN 
EXTBE 
RAC_RESET 
RESERVED 
PH_STALL 
lIOST 

BIST 
BIST_FLAG 
CCTL_EN 
CCTL_LD 
CCTL [5:0] 


xo Sooxoo 


This register controls the operation of the RAC (Rambus ASIC cell). No application program 
should ever write to this register. 


Bit 
15 


14 


13 


12 
14 


Description 


STOP_EN: If this bit is ‘1’, the transmit and receive clocks are stopped when not 
needed. This is a power-saving feature. This is also the reset state. If this bit is ‘0’, 
the clocks run continuously. Program this bit to ‘0’ to perform the built-in self test. 


EXTBE: This bit controls the RAC ExtBE (external bus enable) port. See the 
RDRAM reference manual for details. 

RAC_RESET: If this bit is ‘1’, the RAC is reset. This bit must be set prior to enabling 
BIST, extended BIST, or IOST modes. RAC_ RESET does not reset the RAC Con- 
trol registers. 

Reserved 

PH_STALL: When this bit is programmed from ‘0’ to ‘1’ (when a rising edge 
occurs), the phase of SYNCLK is delayed by one BUSCLK. 

IOST: I/O self test is for device test only. 

BIST: Built-in self test is for device test only. 

BIST_FLAG: This read-only bit returns the result of the built-in self test. The value 
‘1’ indicates pass; the value ‘0’ indicates failure. 


CCTL_EN: When this bit is ‘1’, the current auto-calibration circuit in the RAC is 
enabled. This is the normal reset state. When this bit is ‘0’, the value from 
CCTL[5:0] is used. This bit is intended for device test only. 
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6.2 RAC Control Register (cont.) 


Bit 
6 


5:0 


May 1997 


Description 


CCTL_LD: When this bit is ‘1’, a new current control value is loaded into the RAC 
output drivers. This value comes from the auto-calibration circuit or the CCTL[5:0] 
field, depending on the state of CCTL_EN. Normally, CCTL is automatically loaded 
by the RIF during refresh cycles; this bit provides a manual method. Do not set 
CCTL_LD to ‘1’ when the RAC is transmitting anything on the Rambus channel. 


CCTL [5:0]: This value controls the current level on all high-speed Rambus drivers 
(RAD[8:0], RAC, and RAE) if CCTL_EN is programmed to ‘0’. Normally CCTL_EN 
is programmed to ‘1’ and this value is ignored. 
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6.3. Rambus® Transaction Register 


Size (bits) 16 
MMIO Offset 204h 
Access Type Read/Write 
Bit Description 
15 Broadcast 
14:12 Reserved 
11:8 DEV_ADDR [23:20] 
7:4 Reserved 
3:0 REG_ADR [5:2] 


This register specifies the RDRAM and the register to be read or written. In addition, a broadcast 
register write can be selected. 


Bit Description 

15 Broadcast: If this bit is ‘1’, a broadcast write transaction is requested. 

14:12 Reserved 

11:8 DEV_ADDR [23:20]: This four-bit field specifies the device for the transaction. This 
field corresponds to Rambus address [23:20]. 

7:4 Reserved 

3:0 REG_ADR [5:2]: This four-bit field specifies the RDRAM register address for the 


transaction. This field corresponds to Rambus address [5:2]. 
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6.4 Rambus® Data Register 


Size (bits) 32 
MMIO Offset 240h 
Access Type Read/Write 
Bit Description 
31:0 Rambus Data [31:0] 


Awrite or a read to this register triggers a Rambus register read or write. Write data actually goes 
to the write FIFO or read data latches, the same as it would for a memory read or write. 


Bit Description 
31:0 Rambus Data [31:0]: This value is the actual Rambus register contents. 
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The Miscellaneous registers in the CL-GD5465 are summarized in Table 7-1. These registers are 
accessible only with memory-mapped I/O. 









































Table 7-1. Miscellaneous Registers Quick Reference 

Register Name Page 
VMI Data 180h-1FBh 32 7-3 
VMI Timing 1FCh 16 7-4 
VMI Host Interface Configuration 1FEh 16 7-6 
Serial Bus (I2C) A 280h 16 7-7 
Serial Bus (l2C) B 282h 16 7-8 
BCLK Multiplier 2C0h 8 7-9 
BCLK Denominator 2Cih 8 7-10 
Tiling Control 2C4h 16 ¥-11 
Frame Buffer Cache Control 2C8h 16 7-13 
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7.1. VMI Data Register 


Size (bits) 32 
MMIO Offset 180h—-1FBh 
Access Type Read/Write 
Bit Description 
31:0 VMI_DATA [31:0] 


MISCELLANEOUS REGISTERS 


This group of addresses accesses the VMI Host Interface. Writes to this group of addresses cause 
writes; reads from this group of addresses cause reads. The actual address that appears on the 
VMI address bus is the MMIO address offset minus 180h. The VMI Host Interface is described in 
Appendix B8, “VMI Host Interface”. Note that 8-bit cycles to peripherals that allow 16-bit cycles are 


not allowed. 
Bit Description 
31:0 VMI_DATA [81:0]: This field accesses the VMI Host Interface. 
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7.2 VMI Timing Register 


Size (bits) 16 

MMIO Offset 1FCh 

Access Type Read/Write 
Bit Description Reset State 
15:12 ADDR_HOLD [8:0] 0111b 
11:8 RDY_TO_CMD [3:0] 0101b 
7:4 CMD_TO_RDY [8:0] 0101b 
3:0 ADDR_SETUP [3:0] 0010b 


The four fields in this register specify the timing of the VMI Host Interface. The following timing dia- 
gram is useful for understanding the fields in this register. The VMI Host Interface is discussed in 
detail in Appendix B8. 


NOTE: _ This register is only word-addressable. 


HA[3:0] 
CS# 












ADDR_SETUP ADDR_HOLD 





COMMAND 
CMD_TO_RDY RDY_TO_ CMD 
| —<$—$_$<—<—<—<— i> 
READY 
(OR DTACK) 
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7.2 VMI Timing Register (cont.) 


Bit 
15:12 


7:4 


3:0 


Description 


ADDR_HOLD [3:0]: This four-bit field specifies the number of memory clocks that 
the address and SC# are guaranteed to remain valid after the command is 
released. The actual number of clocks is equal to the value programmed, except 
for the value zero, which yields one clock. The default value for this field is seven. 


RDY_TO_ CMD [3:0]: This four-bit field specifies the number of memory clocks that 
the command is guaranteed to remain valid after the peripheral has indicated the 
cycle is complete with DTACK# or READY. On a read cycle, the data from the 
peripheral is sampled one clock cycle before the command is released. The actual 
number of clocks is one more than the value programmed. The default value for this 
field is five. 


CMD_TO_RDY [3:0]: This four-bit field specifies the number of memory clocks 
between the time the command is valid and DIACK# or READY is sampled for the 
first time. The actual number of clocks is one more than the value programmed. The 
default value for this field is five. 


ADDR_SETUP [3:0]: This four-bit field specifies the number of memory clocks 
cycles from the time that HA[3:0] and CS# are valid and the command goes active. 
The actual number of clocks is one more than the value programmed. The default 
value for this field is two. 
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7.3 VMI Host Interface Configuration Register 


Size (bits) 16 
MMIO Offset 1FEh 
Access Type Read/Write 
Bit Description Reset State 
15:8 VMI Timeout [7:0] Oxff 
7 ESYNC_OUT 0 
6 ESYNC_OUT_EN 0 
5 ESYNC_IN 
4 Reserved 
3 VMIL_Timeout_En 1 
2 Reserved 
1:0 VMI Configuration [1:0] RA[3:2] 


This register returns the VMI Configuration bits latched from RA[3:2] at reset. The software can 
read this register to determine whether a VMI Host device is attached. In addition, this register 
contains fields that control a VMI timeout function. This register contains bits for explicit control of 
the ESYNC pin. Refer to Appendix B8 for details of VMI Host operation. 


Bit Description 


15:8 VMI Timeout [7:0]: This field specifies the number of memory clocks before a VMI 


timeout is declared. Bit 3 must be a ‘1’ to enable this field. If a VMI cycle lasts longer 
that the programmed period, it is terminated regardless of READY or DTACK#. 


7 ESYNC_OUT: If bit 6 is ‘1’, the ESYNC pin reflects this bit. This feature is available 
only when TV-Out is not enabled. 


6 ESYNC_OUT_EN: If this bit is ‘1’, the ESYNC pin reflects the bit 7. 
2 ESYNC_IN: This read-only bit reflects the level on the ESYNC pin. 
4 Reserved 
3 


VMI_Timeout_EN: If this bit is ‘1’, the VMI timeout is enabled. Any VMI cycle last- 
ing longer than the number of memory cycles programmed into bits 15:8 are termi- 


nated. 
2 Reserved 
1:0 VMI Configuration [1:0]: This two-bit field returns the VMI Configuration bits and 


is summarized in the following table: 
































GPIO 1:0 RA3 RA2 VMI Host Interface Mode 
00 Pull-down Pull-down VMI Mode B 
01 Pull-down No pull-down VMI Mode A 
10 No pull-down | Pull-down No local peripheral attached 
11 No pull-down | No pull-down No local peripheral attached 
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7.4 Serial Bus (I2C) A Register 


Size (bits) 16 
MMIO Offset 280h 
Access Type Read/Write 
Bit Description 
15 Serial Clock In 
14:9 Reserved 
8 Serial Data In 
7 Serial Clock Out 
6:1 Reserved 
0 Serial Data Out 


This register is used with the SCL and SDA pins to implement a I2C (serial data) bus. Each of the 
two pins can be driven by and sensed on bits in this register. 


Bit Description 
15 Serial Clock In: This read-only bit returns the state of the SCL pin. The SCL pin is 


low when the Serial Clock Out bit is programmed to ‘0’, or when the responding 
device drives it low. 


14:9 Reserved 
8 Serial Data In: This read-only bit returns the state of the SDA pin. The SDA pin is 


low when the Serial Data Out bit is programmed to ‘0’, or when the responding 
device drives it low. 


7 Serial Clock Out: When this bit is ‘0’, the SCL pin is driven low by the CL-GD5465. 
6:1 Reserved 
0 Serial Data Out: When this bit is ‘0’, the SDA pin is driven low by the CL-GD5465. 
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7.5 Serial Bus (I2C) B Register 


Size (bits) 16 
MMIO Offset 282h 
Access Type Read/Write 
Bit Description 
15 Serial Clock In 
14:9 Reserved 
8 Serial Data In 
7 Serial Clock Out 
6:1 Reserved 
0 Serial Data Out 


This register is used with the SCL2 and RA15 pins to implement a second I@C (serial data) bus. 
Each of the two pins can be driven by and sensed on bits in this register. 


Bit Description 


15 Serial Clock In: This read-only bit returns the state of the SCL2 pin. The SCL2 pin 
is low when the Serial Clock Out bit is programmed to ‘0’, or when the responding 
device drives it low. 

14:9 Reserved 

8 Serial Data In: This read-only bit returns the state of the RA15 pin. The RA15 pin 
is low when the Serial Data Out bit is programmed to ‘0’, or when the responding 
device drives it low. 


7 Serial Clock Out: When this bit is ‘0’, the SCL2 pin is driven low by the 
CL-GD5465. 

6:1 Reserved 

0 Serial Data Out: When this bit is ‘0’, the RA15 pin is driven low by the CL-GD5465. 
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7.6 


BCLK Multiplier Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7 
6 
5:0 


8 
2COh 
Read/Write 
Description 
Use RCLK 
Reserved 


BCLK Multiplier [5:0] 


This register specifies the frequency of BCLK (the Rambus clock). 


Bit 
7 


Description 
Use RCLK: If this bit is programmed to ‘1’, the RCLK is connected directly to the 


clock input of the numerator counter in the BCLK PLL. This mode is intended for 
factory testing only. 


Reserved 


BCLK Multiplier [5:0]: This field directly programs the Rambus clock (BCLK) fre- 
quency. 


BCLK = RCLK ¢ BCLK Multiplier Equation 7-1 


The RCLK is the 14.31818-MHz reference clock and the BCLK multiplier can be 
programmed to any value from 7 to 28 decimal. This provides a range of 100.2 MHz 
to 400.0 MHz. The normal value is 18d (12h) giving a BCLK frequency of 
257.7 MHz. 


Copyright 1997 — Cirrus Logic Inc. 7-9 May 1997 


MISCELLANEOUS REGISTERS CL-GD5465 Technical Reference Manual 


7.7 BCLK Denominator Register 


Size (bits) 8 
MMIO Offset 2Cth 
Access Type Read/Write 
Bit Description Reset State 
7:2 Reserved 
1 BCLK Divide-by-4 0 
0 Reserved 
This register, in conjunction with BCLK multiplier, specifies the frequency of BCLK (the Rambus 
clock). 
Bit Description 
7:2 Reserved 
1 BCLK Divide-by-4: If this bit is ‘1’, BCLK is divided by four. 
0 Reserved 
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7.8 Tiling Control Register 


Size (bits) 16 

MMIO Offset 2C4h 

Access Type Read/Write 
Bit Description Reset State 
15:14 Interleave [1:0] 0 
13:8 TilePerLine [5:0] Ox3F 
7 Tiling Enable 0 
6 Wide Tile 0 
5 Reserved 
4 1KPageSize 0 
3:2 Reserved 
1:0 Address Translation Delay [1:0] 0 


This register controls interleave, tiling, and address translation logic. See also the Display Thresh- 
old register at OEAh, and the TILE _CTRL_2D8D register at 407h. 























Bit Description 
15:14 Interleave Mode [1:0]: This field specifies the interleave mode for extended dis- 
play, direct frame buffer read/write, and the V-Port modules according to the follow- 
ing table: 
Interleave Mode [1:0] Description 
00b No interleave 
Oib 2-way interleave 
10b 4-way interleave 
11b Reserved 
13:8 TilesPerLine [5:0]: This field specifies the number of tiles per scanline. Values not 


in the following table must not be programmed in this field. 























TilesPerLine [5:0] | WIDE_TILE=0 | WIDE_TILE =1 
5 640 1280 
8 1024 2048 
10 1280 2560 
13 1664 3328 
16 2048 4096 
20 2560 5120 
26 3328 6656 
32 4096 8192 
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7.8 Tiling Control Register (cont.) 


Bit 
7 
6 


3:2 
1:0 


May 1997 


Description 

Tiling Enable: If this bit is ‘1’, tiling is enabled. If this bit is ‘0’, tiling is disabled. 
Wide Tile: If this bit is ‘1’, the CRTC fetches wide tiles. If this bit is ‘0’, the CRTC 
fetches narrow tiles. 

Reserved 


1KPageSize: If this bit is ‘1’, the address translator does arithmetic based on a 
1-Kbyte RDRAM internal page size. If this bit is ‘0’, the address translator does 
arithmetic based on a 2-Kbyte RDRAM internal page size. 


Reserved 


Address Translation Delay [1:0]: This field specifies the delay that the address 
translation block uses when performing a translate operation. This value must not 
be changed from the default value with silicon characterization. 

















Value Delay 
0 6 Clocks 
1 3 Clocks 
2 4 Clocks 
3 5 Clocks 
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7.9 Frame Buffer Cache Control Register 


Size (bits) 16 

MMIO Offset 2C8h 

Access Type Read/Write 
Bit Description Reset State 
15:9 Reserved 
8 MANUAL_FLUSH 0 
7:4 Reserved 
3 VSYNC_FLUSH_EN 1 
2 MANUAL_FLUSH_EN 1 
1 CMD_FLUSH_EN 1 
0 CACHE_EN 1 


This register is used to control a cache of direct frame buffer accesses. 


Bit Description 
15:9 Reserved 
8 MANUAL_FLUSH: This bit is used to flush the cache (write the cache contents into 


memory) under program control. The operation occurs when this bit is programmed 
from ‘0’ to ‘1’. Bit 2 must be ‘1’. 


7:4 Reserved 

3 VSYNC_FLUSH_EN: When this bit is ‘1’, the cache contents are written into mem- 
ory during every vertical retrace. 

2 MANUAL_FLUSH_EN: When this bit is ‘1’, bit 8 is enabled. 

1 CMD_FLUSH_EN: When this bit is ‘1’, the cache contents are written into memory 
when an HIF bus transfer other than a frame buffer memory access occurs. 

0 CACHE_EN: When this bit is ‘1’, the cache of direct frame buffer accesses is 
enabled. 
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8. GRAPHICS PIPELINE REGISTERS 


The Graphics Pipeline registers in the CL-GD5465 are summarized in Table 8-1. These registers 
are accessible only with memory-mapped |/O (that is, in the address space defined in the PCI con- 


figuration register for MMIO). 


Table 8-1. Graphics Pipeline Registers Quick Reference 

Register Name MMIO Offset Size (bits) Page 
GENLOCK Support 70h 8 8-3 

TLUT_LOAD 9Ch 32 8-4 

Palette State Boh 8 8-5 

Graphics/Video Format COh 16 8-7 

CSL: Current Scanline C4h 16 8-10 
CSL: Current Scanline Comparison C6h 16 8-11 

STOP_BLT_3 CAh 8 8-12 
START_BLT_3 CBh 8 8-13 
STOP_BLT_2 D4h 8 8-14 
START_BLT_2 D5h 8 8-15 
SSA: Secondary Start Address D8h 16 8-16 
STOP_BLT_1 DEh 8 8-17 
START_BLT_1 DFh 8 8-18 
Cursor_X EOh 16 8-19 
Cursor_Y E2h 16 8-20 
Cursor_Preset E4h 16 8-21 

Miscellaneous Control E6h 16 8-22 
Cursor_Address E8h 16 8-23 
Display Threshold EAh 16 8-24 
Multi-Buffering Control ECh 8 8-25 
Graphics Pipeline Test FOh 16 8-26 
Test Horizontal Counter F2h 16 8-28 
Test Vertical Counter F4h 16 8-29 
Test Output F8h 16 8-30 
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8.1 


GRAPHICS PIPELINE REGISTERS 


GENLOCK Support Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7 
6 
5:3 
2:0 


8 
70h 
Read/Write 


Description 

Enable VSYNC GENLOCK 
Enable HSYNC GENLOCK 
Horizontal Total Adjust [2:0] 
Horizontal Sync Start Adjust [2:0] 


This register is used to enable GENLOCK, and for horizontal timing adjustments. 


Bit 
7 


5:3 


2:0 


Description 


Enable VSYNC GENLOCK: When this bit is ‘1’, VSYNC GENLOCK is enabled. 
The VSYNC and DCLK pins are inputs and the CL-GD5465 locks its frame to the 
incoming VSYNC. 


Enable HSYNC GENLOCK: When this bit is ‘1’, HSYNC GENLOCK in enabled. 


The HSYNC and DLCK pins are inputs and the CL-GD5465 locks its horizontal 
scan to the incoming HSYNC. 


Horizontal Total Adjust [2:0]: This field allows a -3/+4 VCLK adjustment of the 
programmed Horizontal Total. The length of the character occurring two character 
clocks after the Horizontal Counter has reached the value programmed into Hori- 
zontal Total is adjusted according to this field. 























Horizontal Total Adjust | Character Clock Adjustment 
000 0 (no adjustment) 
001 -3 VCLKs 
010 —2 VCLKs 
011 -—1 VCLKs 
100 +1 VCLKs 
101 +2 VCLKs 
110 +3 VCLKs 
111 +4 VCLKs 

















Horizontal Sync Start Adjust [2:0]: This field allows a 0-7 VCLK adjustment of 
the position of the Horizontal Sync Start (relative to BLANK). HSYNC is delayed an 
additional number of VCLKs programmed into this field. HSYNC remains program- 
mable only to character clock resolution. 
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8.2 TLUT_LOAD Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:16 
15:8 
7:0 


32 
9Ch 
Read/Write 


Description 

CLUT Index [0-255] 

Red Component Loaded 
Green Component Loaded 
Blue Component Loaded 


This is the address for TLUT (texture lookup table) load. The TLUT index address is included in 
the data (bits 31:24). A single address and a single write is used for a complete lookup table entry. 
Data (with embedded TLUT index) can be written repeatedly to this address. 


In a display list, this address is mapped to however many palette writes are embedded in a 
WRITE_DEV_REGS instruction. That is, a write to 9Ch with 13 dwords acts as if all 13 were writ- 
ten to address 9Ch. 


Bit 
31:24 
23:16 
15:8 


7:0 


May 1997 


Description 
TLUT Index [0-255]: TLUT index (0-255) where value is to be written. 


Red Component Loaded: Red component to be loaded in the TLUT at the index 
given in bits 31:24. 


Green Component Loaded: Green component to be loaded in the TLUT at the 
index given in bits 31:24. 


Blue Component Loaded: Blue component to be loaded in the TLUT at the index 
given in bits 31:24. 
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Palette State Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7 
6 
5:4 
3 
2 
1:0 


8 
BOh 
Read/Write 


Description 

DAC Power Down 

External DAC 

Reserved 

Access Cursor Colors 

Read Mode (Read only) 
Palette State [1:0] (Read only) 


This register contains extended controls for the palette DAC. It also contains read-only bits that 
return the current status of the palette logic. 


Bit 
7 


Description 


DAC Power Down: When this bit is programmed to ‘1’, the palette and DACs are 
powered down to reduce power. The current outputs go to ‘0’. The contents of the 
palette are not lost, but accesses to palette cannot occur until the palette and DACs 
are powered up. 


External DAC: This bit is reserved to enable an external RAMDAC with pixel data 
provided over the P[23:0] bus. This bit is not implemented on the CL-GD5465 and 
must be programmed to ‘0’ for compatibility. 


Reserved 


Access Cursor Colors: When this bit is programmed to ‘1’, the palette entries 
used for the cursor and border are accessible. The normal 256 entries are not 
accessible. In addition, display refresh accesses to the palette access the cursor 
and border colors, resulting in incorrect colors on the screen. For this reason, pro- 
gram this bit to ‘1’ only when the display is disabled (for example, during a set 
mode). The following table shows the addresses of the cursor and border colors. 
Addresses greater than ‘OFh’ are reduced modulo 16. 

















Palette Address Contents 
00h Cursor color 0 
02h Border color 
OFh Cursor color 1 
Oth, 03h through OEh | Reserved for Cirrus Logic BIOS 











When this bit is programmed to ‘0’, the palette entries reserved for the cursor and 
border are not accessible; the normal 256 entries are accessible. 


Read Mode (Read only): The state of this read-only bit indicates whether the last 
palette access was a read (‘1’) or a write (‘0’). 
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8.3 Palette State Register (cont.) 


Bit Description 
1:0 Palette State [1:0] (Read only): This read-only field indicates which palette field 


(color) was last accessed. 











Palette State Field 
00 Red 
01 Green 
10 Blue 
11 Reserved 
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8.4 Graphics and Video Format Register 


Size (bits) 16 
MMIO Offset Coh 
Access Type Read/Write 
Bit Description 
15:14 VCK POSTSCALE [1:0] 
13:12 Graphics Depth [1:0] 
11:9 Graphics Format [2:0] 
8 Graphics Gamma Correction Enable 
7:0 Reserved 


This register controls the format of pixels within the graphics and video windows. The graphics and 
video depths must be the same with a single exception: video depth can be 16 bpp while the 
graphics depth is 8 bpp. This allows mixing YUV 4:2:2 with 8-bit palettized data in a single 8-bit 
frame buffer. In this case, each YUV pixel is displayed for two-pixel periods. 


Bit Description 
15:14 VCK POSTSCALE [1:0]: This field selects the VCLK postscaler according to the 
following table: 





POSTSCALE Scaling Factor 





PLL output frequency 























01 1/2 PLL output frequency 
10 1/4 PLL output frequency 
11 1/8 PLL output frequency 
13:12 Graphics Depth [1:0]: This two-bit field defines the numbers of bits-per-pixel in the 


graphics display area of the screen. The encoding is shown in the following table: 











Graphics/Video Depth Bits Per Pixel 
00 
01 
10 
11 32 
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8.4 Graphics and Video Format Register (cont.) 


Bit 
11:9 


May 1997 


Description 


CL-GD5465 Technical Reference Manual 


Graphics Format [2:0]: This three-bit field defines the format of pixels in the 
graphics display area of the screen. The encoding is shown in the following table. 
To obtain useful results, this field must be consistent with the corresponding depth 
field. Note that not all combinations are supported. 





























Graphics/Video Format Pixel Format 

000 Palettized 
001 Greyscale 
010 RGB 

O11 RGB 5:5:5 

(defined for graphics/video depth = ‘01b’ only) 

100 Reserved 
101 Reserved 
110 Reserved 
111 Reserved 
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8.4 Graphics and Video Format Register (cont.) 


Bit Description 


8 Graphics Gamma Correction Enable: The meaning of this bit is closely related 
to the value of the corresponding format field. 








eamina Format Result 
Correction 
0 000: palettized 6-bit palette entries, 256K colors 
0 # 000: not palettized Palette is unused 
000: palettized ae f 
1 and SR7[0] = 1 8-bit palette entries, 16M colors 
1 + 000: not palettized ue correction on three independent color 

















When this bit is programmed to ‘1’ and the format is not ‘O00b’, the palette is taken 
to be three independent 256-entry lookup tables, one each for Red, Green, and 
Blue. For each pixel, three independent 8-bit RGB color fields are developed using 
color-space conversion, chroma interpolation, and bit extension as necessary. 
Each color field independently addresses an entry in the palette that goes to the 
DAC. 

When this bit is programmed to ‘1’ and the format is ‘O00b’, and SR7[0] is pro- 
grammed to ‘1’, the video is palettized. The value of each pixel accesses an entry 
in the palette. Each palette entry consists of three 8-bit values that are directed to 
the corresponding DACs. A value of 255 causes full-scale output. 

When this bit is programmed to ‘0’ and the format is ‘O00b’, the video is palettized. 
The value of each pixel accesses an entry in the palette. Each palette entry con- 
sists of three 6-bit values that are directed to the corresponding DACs. A value of 
63 causes full-scale output. 


7:0 Reserved 
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8.5 CSL: Current Scanline Register 


Size (bits) 16 
MMIO Offset C4h 
Access Type Read only 
Bit Description 
15:12 Reserved 
11:0 Current Scanline [11:0] 


The Current Scanline register is provided to read back the scanline currently being displayed. This 
register has been moved from its address in the CL-GD5464. 


Bit Description 
15:12 Reserved 
11:0 Current Scanline [11:0]: These bits are provided to support the DirectDraw Wait- 


ForVerticalBlank call and 3D-engine WAIT_FOR_SCANLINE command; these bits 
are not related to multi-buffering. 
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8.6 CSLC: Current Scanline Comparison Register 


Size (bits) 16 
MMIO Offset C6h 
Access Type Read/Write 
Bit Description 
15:12 Reserved 
11:0 Compare Scanline [11:0] 


The Current Scanline register is compared to the value in the Current Scanline Comparison reg- 
ister, and if the values are equal, the SCAN EQUAL signal is asserted. This register has been 
moved from its address in the CL-GD5464. 


Bit Description 
15:12 Reserved 
11:0 Compare Scanline [11:0]: This 12-bit field is used by the 3D-engine 


WAIT_FOR_SCANLINE command. The SCAN_EQUAL signal is synchronous to 
CCK, so it must be synchronized by the 3D engine; however, it is buffered by a flip- 
flop, so it does not glitch when the scanline is incremented. 
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8.7 STOP_BLT_3 Register 


Size (bits) 8 
MMIO Offset CAh 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5:0 STOP_BLT_3 [11:6] 


This register specifies when the auto-BitBLT of window 3 is disabled. 


Bit Description 
7:6 Reserved 
5:0 STOP_BLT_3 [11:6]: This six-bit field specifies when, in terms of screen refresh, 


auto-BitBLT of window 3 is disabled. The actual scanline number is the value in this 
field multiplied by 64. 

This field is effective only when RESIZE_C_opRDRAM[31] is ‘0’. This field must be 
programmed to a value different than the value in START_BLT_3. 
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START_BLT_3 Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7 
6 
5:0 


8 
CBh 
Read/Write 
Description 
ENABLE 3 
Reserved 


START_BLT_3 [11:6] 


This register specifies when the auto-BitBLT of window 3 is enabled. 


Bit 


Description 


ENABLE_ 3: If this bit is programmed to ‘1’, window 3 is enabled. If this bit is pro- 
grammed to ‘0’, window 3 is disabled. The auto-BitBLT is not triggered. 


Reserved 


START_BLT_3 [11:6]: This six-bit field specifies when, in terms of screen refresh, 
auto-BitBLT of window 3 is enabled. The actual scanline number is the value in this 
field multiplied by 64. 

This field is effective only when RESIZE_C_opRDRAM[31] is ‘0’. Program this field 
to a value different than the value in STOP_BLT_3. 
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8.9 STOP_BLT_2 Register 


Size (bits) 8 
MMIO Offset D4h 
Access Type Read/Write 
Bit Description 
7:6 Reserved 
5:0 STOP_BLT_2 [11:6] 


This register specifies when the auto-BitBLT of window 2 is disabled. 


Bit Description 
7:6 Reserved 
5:0 STOP_BLT_2 [11:6]: This six-bit field specifies when, in terms of screen refresh, 


auto-BitBLT of window 2 is disabled. The actual scanline number is the value in this 
field multiplied by 64. 

This field is effective only when RESIZE_B_opRDRAM{[31] is ‘0’. Program this field 
to a value different than the value in START_BLT_2. 
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8.10 START_BLT_2 Register 


Size (bits) 8 
MMIO Offset D5h 
Access Type Read/Write 
Bit Description 
ra ENABLE 2 
6 Reserved 
5:0 START_BLT_2 [11:6] 
This register specifies when the auto-BitBLT of window 2 is enabled. In addition, two bits control 
window 2. 
Bit Description 
7 ENABLE 2: If this bit is programmed to ‘1’, window 2 is enabled. If this bit is pro- 
grammed to ‘0’, window 2 is disabled. The auto-BitBLT is not triggered and V-Port 
data is not overlayed. 
6 Reserved 
5:0 START_BLT_2 [11:6]: This field specifies when, in terms of screen refresh, auto- 


BitBLT of window 2 is enabled. The actual scanline number is the value in this field 
multiplied by 64. 

This field is effective only when RESIZE_B_opRDRAM|[31] is ‘0’. Program this field 
to a value different than the value in STOP_BLT_2. 
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8.11 SSA: Secondary Start Address Register 


Size (bits) 16 

MMIO Offset D8h 

Access Type Read/Write 
Bit Description 
15:0 Screen Start Address [22:7] 


This register specifies the starting address to be used for display following a buffer switch. This 
register was moved from its address in the CL-GD5464. 


Bit Description 


15:0 Screen Start Address [22:7]: This 16-bit field allows the display to start on any 
128-byte boundary (horizontal tile boundary); this granularity is required by the dis- 
play logic, so all display fetches are tile-aligned. This field supports an address 
space of 8 Mbytes. 
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8.12 STOP_BLT_1 Register 


Size (bits) 8 
MMIO Offset DEh 
Access Type Read/Write 
Bit Description 
76 Reserved 
5:0 STOP_BLT_1 [11:6] 


This register specifies when the auto-BitBLT of window 1 is disabled. 


Bit Description 
7:6 Reserved 
5:0 STOP_BLT_1 [11:6]: This six-bit field specifies when, in terms of screen refresh, 


auto-BitBLT of window 1 is disabled. The actual scanline number is the value in this 
field multiplied by 64. 

This field is effective only when RESIZE_A_opRDRAM{[31] is ‘0’. Program this field 
to a value different than the value in START_BLT_1. 
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8.13 START_BLT_1 Register 


Size (bits) 8 
MMIO Offset DFh 
Access Type Read/Write 
Bit Description 
7 ENABLE_1 
6 Reserved 
5:0 START_BLT_1 [11:6] 
This register specifies when the auto-BitBLT of window 1 is enabled. In addition, two bits control 
window 1. 
Bit Description 
7 ENABLE_1: If this bit is programmed to ‘1’, window 1 is enabled. If this bit is pro- 
grammed to ‘0’, window 1 is disabled. Auto-BitBLT is not triggered. 
6 Reserved 
5:0 START_BLT_1 [11:6]: This field specifies when, in terms of screen refresh, auto- 


BitBLT of window 1 is enabled. The actual scanline number is the value in this field 
multiplied by 64. 

This field is effective only when RESIZE_A_opRDRAM{[31] is ‘0’. Program this field 
to a value different than the value in STOP_BLT_1. 
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8.14 CURSOR_X Register 


Size (bits) 16 
MMIO Offset E0h 
Access Type Read/Write 
Bit Description 
15:12 Reserved 
11:0 CURSOR_X [11:0] 


This register specifies the horizontal position of the hardware cursor. 


Bit Description 
15:12 Reserved 
11:0 CURSOR_X [11:0]: This 12-bit field specifies the starting point of the visible por- 


tion of the hardware cursor. This field is programmed in terms of pixels. This regis- 
ter is double-buffered; the new value takes effect at the end of the frame. This 
avoids tearing of the cursor as it is being moved. 
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8.15 CURSOR_Y Register 


Size (bits) 16 
MMIO Offset E2h 
Access Type Read/Write 
Bit Description 
15:12 Reserved 
11:0 CURSOR_Y [11:0] 


This register specifies the vertical position of the hardware cursor. 


Bit Description 
15:12 Reserved 
11:0 CURSOR_Y [11:0]: This 12-bit field specifies the starting point of the visible por- 


tion of the hardware cursor. This field is programmed in terms of scanlines. This 
register is double-buffered; the new value takes effect at the end of the frame. This 
avoids tearing of the cursor as it is being moved. 
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8.16 Cursor _Preset Register 


Size (bits) 16 
MMIO Offset E4h 
Access Type Read/Write 
Bit Description 
15 Reserved 
14:8 X_PRESET [6:0] 
i Reserved 
6:0 Y_PRESET [6:0] 


This register specifies the pixel within the cursor image that is displayed at the Cursor_X and 
Cursor_Y location specified in registers EOh and E2h. This allows the appearance of the cursor 
moving off the left or top of the screen without the necessity of negative cursor locations. 


Bit Description 
15 Reserved 
14:8 X_PRESET [6:0]: This 7-bit field specifies the horizontal component of the pixel 


within the cursor that is displayed at the Cursor_X location. This allows the appear- 
ance of the cursor moving off the left of the screen. This field is an unsigned value. 


7 Reserved 


6:0 Y_PRESET [6:0]: This 7-bit field specifies the vertical component of the pixel 
within the cursor that is displayed at the Cursor_Y location. This allows the appear- 
ance of the cursor moving off the top of the screen. This field is an unsigned value. 
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8.17 Miscellaneous Control Register 


Size (bits) 16 

MMIO Offset E6h 

Access Type Read/Write 
Bit Description Reset Value 
15:1 Reserved 
0 CURSOR Enable 0 


This register contains the control enable control bit. 


Bit Description 

15:1 Reserved 

0 CURSOR Enable: If this bit is programmed to ‘1’, the hardware cursor is enabled. 
If this bit is programmed to ‘0’, the hardware cursor is not enabled. This bit is ‘0’ at 
reset. 
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8.18 Cursor_Address Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15 
14:2 
1:0 


16 
E8h 
Read/Write 
Description 
Reserved 
Cursor Address [22:10] 
Reserved 


This register specifies the address in the frame buffer of the cursor image. 


Bit 
15 
14:2 


1:0 


Description 
Reserved 


Cursor Address [22:10]: This 13-bit field gives the location of the cursor form in 
the frame buffer. This field is the most-significant 13 bits of a 23-bit number, allow- 
ing the cursor to be anywhere in 8 Mbytes with a granularity of 1024 bytes. 

The cursor image is always 64 x 64 pixels. The cursor has two planes, and these 
are stored interleaved as qwords (64 bits). From the cursor address, the first qword 
is the first scanline of plane 0, the second qword is the first scanline of plane 1, the 
third qword is the second scanline of plane 0, and so on to the sixty-third scanline 
of plane 1. This is a total of 128 qwords or 1024 bytes. Cursor images can be stored 
contiguously with no wasted memory. The Chapter 15, “3D Programmer’s Guide” 
discusses the programming of the cursor in detail. 

This register is not double-buffered. Normally, this register is modified at the end of 
a frame. 

This address does not undergo tiling translation before being applied to the RIF. 
The driver must compensate for tiling when calculating the address. Bank inter- 
leaving is handled by the hardware. 


Reserved 
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8.19 Display Threshold Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:14 
13:8 
7 

6 

5:0 


16 

EAh 

Read/Write 
Description Reset Value 
VGA Interleave Mode [1:0] 0 
Fetches Per Line [5:0] 1 
Reserved 
Wide Tile 0 
FIFO Threshold [5:0] 00 1111 


This register controls tiling and the FIFO threshold. It is programmed by the Cirrus Logic BIOS dur- 
ing a video mode set and must never be programmed by any application program. See also the 
TILE_CTRL_2D3D register at 407h and the Tiling Control register at 2C4h. 


Bit 
15:14 


13:8 


5:0 


May 1997 


Description 


VGA Interleave Mode [1:0]: This two-bit field controls the Interleave mode accord- 
ing to the following table: 











Interleave Mode [1:0] Description 
00 1-way interleave 
01 2-way interleave 
10 4-way interleave 
11 Reserved 

















Fetches Per Line [5:0]: This six-bit field specifies the number of 128-byte fetches 
required per scanline. This is minus one if the start address is tile-aligned. 
Reserved 

Wide Tile: If this bit is programmed to ‘1’, the CRTC fetches wide tiles (256 bytes). 
If this bit is programmed to ‘0’, the CRTC fetches narrow tiles (128 bytes). 

FIFO Threshold [5:0]: This six-bit field specifies the level (number of 64-bit words 
of valid data remaining) in the display FIFO where the display module should 
request a Rambus cycle to refill the FIFO. For each video mode/refresh rate com- 
bination and Rambus clock, there is a value that optimizes the use of the FIFO and 
Rambus. 
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8.20 Multi-Buffering Control Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7 
6 
5:4 
3:2 
{ 
0 


8 

ECh 

Read/Write 
Description Reset Value 
VBLANK (Read only) x 
Reserved 
BSD [1:0] 0 
Reserved 
Multi-Buffer Enable 0 
SSA_ARM 0 


This register specifies the multi-buffering control of the 3D engine. 


Bit 
7 


Description 


VBLANK (Read only): This read-only bit allows polling for VBLANK to issue a 
branch instruction to the 3D engine in Coprocessor mode. This is a memory- 
mapped copy of bit 3 of the VGA STAT register. 


Reserved 


BSD [1:0]: The BSD (buffer switch delay) specifies a minimum number of display 
frames to wait after a buffer switch before another switch can be performed. The 
default is ‘O0b’ (which corresponds to a delay of zero frames), that is, a buffer switch 
can be done every frame. 

After the number of frames specified in BSD have completed, a buffer switch is still 
not performed until SSA_ARM is set by writing to the SSA register. 

This field is provided to help ensure an even animation frame rate. For example, if 
the time to render one frame or build a display list for the next frame was very close 
to one display frame time, the number of display frames per frame of animation 
might vary between one and two, (for example, 1,1,1,1,2,1,1,2,1,1,1,2,). The ani- 
mation appears ‘jerky’. In this case the BSD would be set to ‘01b’, and the number 
of display frames per frame of animation rate is always two. While the average ani- 
mation rate is less, the animation rate is smooth rather than ‘jerky’ and looks better. 


Reserved 


Multi-Buffer Enable: If this bit is set to ‘1’, it selects the secondary start address 
rather than the normal start address (VGA CRC, CRD, CR1B, CR1D registers), 
and enables any other logic required for multi-buffering. If this bit is set to ‘0’, it 
selects the normal start address (VGA CRC, CRD, CR1B, CR1D registers) for CRT 
display. 

SSA_ARM: This read/write bit is set automatically in response to a write to the SSA 
register. It is used by the WAIT_ON_!ARM instruction, but is provided here for diag- 
nostics. It can also be written directly to control execution of WAIT_ON_!ARM 
instructions. 
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8.21 Graphics Pipeline Test Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15 
14 
13 
12 
11 

10 


O-H-NWHRUION OO 


16 

FOh 

Read/Write 
Description Reset Value 
SEL_VCLKO 0 
SEL_NUMERATOR [1] 0 
SEL_NUMERATOR [0] 0 
Reserved 0 
DITHERING_DISABLE 0 
DAC_LINEARITY 0 
Reserved 0 
TS_BYPASS 0 
EN CLK DOUBLER 0 
DISABLE _3D_ TEX WRITE 0 
EN 3D TEX WRITE 
TST_VIDEO 
TST_XTENDED 0 
TST_VGA 0 
TST_CRTC 0 
TST_RAM 0 


This register contains the bits that invoke various test modes, and should never be written by any 
application program. This description is included for completeness only. 


Bit 
15 
14:13 


May 1997 


Description 

SEL_VCLKO: This bit is used for factory testing and should always be ‘0’. 
SEL_NUMERATOR [1:0]: This field is used for factory testing and should always 
be ‘0’. 

Reserved 


DITHERING_DISABLE: When this bit is ‘1’, dithering is disabled for 16-bpp display 
modes. 


DAC_LINEARITY: This bit is used for factory testing and should always be ‘0’. 
Reserved 

TS_BYPASS: This bit is used for factory testing and should always be ‘0’. 

EN _CLK_DOUBLER: If this bit is ‘1’, the clock doubler is enabled. 
DISABLE_3D_TEX_WRITE: This bit is used for factory testing and should always 
be ‘0’. 

ENABLE_3D_TEX_WRITE: This bit is used for factory testing and should always 
be ‘0’. 

TST_VIDEO: This bit is used for factory testing and should always be ‘0’. 
TST_XTENDED: This bit is used for factory testing and should always be ‘0’. 
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8.21. Graphics Pipeline Test Register (cont.) 


Bit Description 

2 TST_VGA: This bit is used for factory testing and should always be ‘0’. 
1 TST_CRTC: This bit is used for factory testing and should always be ‘0’. 
0 TST_RAM: This bit is used for factory testing and should always be ‘0’. 
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8.22 Test Horizontal Counter Register 


Size (bits) 16 
MMIO Offset F2h 
Access Type Read/Write 
Bit Description 
15 Test HT Load 
14:9 Reserved 
8:0 HT [8:0] 


This register tests the CRTC horizontal counter. This register must never be written by any appli- 
cation program. This description is included for completeness only. 


Bit Description 

15 Test HT Load: If this bit is programmed to ‘1’, the horizontal counter is loaded with 
the HT [8:0] field. 

14:9 Reserved 

8:0 HT [8:0]: This value is loaded into the horizontal counter for testing. 
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8.23 Test Vertical Counter Register 


Size (bits) 16 
MMIO Offset F4h 
Access Type Read/Write 
Bit Description 
15 Test VT Load 
14:11 Reserved 
10:0 VT [10:0] 


This register tests the CRTC vertical counter. This register must never be written by any applica- 
tion program. This description is included for completeness only. 


Bit Description 

15 Test VT Load: If this bit is programmed to ‘1’, the vertical counter is loaded with the 
VT [10:0] field. 

14:11 Reserved 

10:0 VT [10:0]: This value is loaded into the vertical counter for testing. 
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8.24 Test Output Register 


Size (bits) 16 
MMIO Offset F8h 
Access Type Read/Write 
Bit Description 
15:12 Test Output [3:0] 
11:0 Reserved 


This register is used by the factory test program. 


Bit Description 


15:12 Test Output [3:0]: Each bit controls eight test outputs. This facility is for factory 
testing only. Normally all four of these bits are ‘0’. 




















Test Output Bit Test Source Test Outputs 
3 Test Data [31:24] RA [7:14] 
2 Test Data [23:16] EV [7:0] 
1 Test Data [15:8] PCS, RA [0:6] 
0 Test Data 7:0 RD [7:0] 











11:0 Reserved 
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9. 2D GRAPHICS ACCELERATOR REGISTERS 


The 2D Graphics Accelerator registers in the CL-GD5465 are summarized in Table 9-1. These 
registers are only accessible with memory-mapped I/O. 


Table 9-1. 2D Graphics Accelerator Registers Quick Reference 



















































































Register Name MMIO Offset Size (bits) Page 
STATUS 400h 16 9-5 

CONTROL 402h 16 9-6 

QFREE 404h 8 9-8 

OFFSET_2D 405h 8 2 

TIMEOUT 406h 8 9-10 
TILE_CTRL_2D3D 407h 8 9-11 

RESIZEA_opRDRAM 408h 32 9-12 
RESIZEB_opRDRAM 40Ch 32 9-12 
RESIZEC_opRDRAM 410h 32 9-12 
SWIZ_CNTL 414h 16 9-13 
CONTROL2 418h 16 9-14 
COMMAND_ PORT 480h—4FCh 32 9-15 
MIN_Y 500h 16 9-16 
MAJ_Y 502h 16 9-16 
ACCUM_Y 504h 16 9-16 
LUMINANCE_ENH 506h 16 9-17 
MIN_X 508h 16 9-16 
MAJ_X 50Ah 16 9-16 
ACCUM_X 50Ch 16 9-16 
LNCNTL 50Eh 16 9-18 
STRETCH_CNTL 510h 16 9-20 
CHROMA_CNTL 512h 16 9-25 
BLTEXT 518h 32 9-27 
MBLTEXT 51Ch 32 9-28 
OPO0_opRDRAM 520h 32 9-29 
OP0_opMRDRAM 524h 32 9-30 
OPO_opSRAM 528h 16 9-31 
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Table 9-1. 2D Graphics Accelerator Registers Quick Reference (cont.) 













































































Register Name MMIO Offset Size (bits) Page 
PATOFF 52Ah 16 9-32 
OP1_opRDRAM 540h 32 9-29 
OP1_opMRDRAM 544h 32 9-30 
OP1_opSRAM 548h 16 9-31 
OP1_opMSRAM 54Ah 16 9-33 
OP2_opRDRAM 560h 32 9-29 
OP2_opMRDRAM 564h 32 9-30 
OP2_opSRAM 568h 16 9-31 
OP2_opMSRAM 56Ah 16 9-33 
SRCX 580h 16 9-34 
SHRINKINC 582h 16 9-35 
DRAWDEF 584h 16 9-36 
BLTDEF 586h 16 9-37 
MONOQW 588h 16 9-40 
PERFORMANCE 58Ch 16 9-41 
CLIPULE 590h 32 9-42 
CLIPLOR 594h 32 9-43 
MCLIPULE 598h 32 9-44 
MCLIPLOR 59Ch 32 9-45 
ALPHA_{A,B} 5E0h 32 9-46 
OP_opFGCOLOR 5E0h 32 9-47 
OP_opBGCOLOR 5E4h 32 9-48 
BITMASK 5E8h 322 9-49 
TAG_MASK 5ECh 16 9-50 
CHROMA_LOWER 5FOh 32 9-51 
CHROMA_UPPER 5F4h 32 9-52 
BLTEXT_XEX 600h 32 9-53 
BLTEXTR_XEX 608h 32 9-54 
MBLTEXT_XEX 620h 32 9-56 
MBLTEXTR_XEX 628h 32 9-56 
BLTEXT_EX 700h 32 9-53 
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Table 9-1. 2D Graphics Accelerator Registers Quick Reference (cont.) 























Register Name MMIO Offset Size (bits) Page 
BLTEXTR_EX 708h 32 9-54 

MBLTEXT_EX 720h 32 9-55 
MBLTEXTR_EX 728h 32 9-55 
CLIPULE_EX 760h 32 9-57 
CLIPLOR_EX 770h 32 9-58 
MCLIPULE_EX 780h 32 9-59 
MCLIPLOR_EX 790h 32 9-60 
HOST_DATA_PORT 800h—FFCh 32 9-61 




















4 32-bit registers can be operated on as two 16-bit registers. 
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9.1 STATUS Register 


Size (bits) 16 
MMIO Offset 400h 
Access Type Read only 
Bit Description 
15 RDQUEUE 
14:3 Reserved 
2 WF_NOT_EMPTY 
1 BLT FLAG 
0 BLT RDY 


This read-only register returns the current completion status of 2D engine drawing operations. 


Bit Description 

15 RDQUEUE: If this read-only bit is ‘1’, there is data available in the read queue. 

14:3 Reserved 

2 WF_NOT_EMPTY: If this read-only bit is ‘0’, the write FIFO is empty. If this bit is ‘1’, 
the write FIFO is not empty. 

1 BLT_FLAG: If this read-only bit is ‘1’, the BitBLT engine is not idle. If this bit is ‘0’, 
the BitBLT engine is idle. 

0 BLT_RDY: If this read-only bit is ‘0’, the BitBLT engine is ready for anew command. 


If this bit is ‘1’, the BitBLT engine is not ready for a new command. 
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9.2 CONTROL Register 


Size (bits) 16 

MMIO Offset 402h 

Access Type Read/Write 
Bit Description Reset State 
15 Reserved 0 
14:13 BPP [1:0] 0 
12 TILING_DISABLE 0 
11 WIDE_TILE 0 
10 SWIZ_CNTL 0 
9 1K PAGE 0 
8 AUTO_BLT_EN 0 
7 CNTL_TAG x 
6:4 Reserved 0 
3 HALT WR_FIFO 0 
2 FLUSH WR_FIFO 0 
1:0 Reserved 0 


This register allows direct control of and returns the status of various parts of the command pipe 
and read/write FIFO. Except for the monochrome data swizzling that occurs prior to loading into 
memory, this register is only accessed during initialization. The Swizzle Control bit in this register 
is OR’ed with SWIZ (see Section 9.8). 


Bit Description 
15 Reserved 
14:13 BPP [1:0]: This two-bit field is the number of bits per pixel with normal encoding. 


bpp Field | Bits Per Pixel 


























12 TILING_DISABLE: When this bit is ‘1’, tiling is disabled. 


11 WIDE_TILE: When this bit is ‘1’, the tile width is 256 bytes. When this bit is ‘0’, the 
file width is 128 bytes. This bit and bit 12 function together as in the earlier Laguna 
products, the only difference is the name change. 
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9.2 CONTROL Register (cont.) 


Bit 
10 


1:0 


Description 


SWIZ_CNTL: When this bit is ‘1’, bit order reverses if the host writes data through 
the HOSTDATA register. When this bit is ‘0’, the bit order is not reversed. The reset 
state of this bit is ‘0’. 


Programming Note: When this bit is reprogrammed, the software must ensure 
that none of the other bits in the register are changed. This is typically done by 
reading the register, modifying this bit, and writing the results. 


Other Programming Note: This bit is retained only for compatibility with legacy 
software. New applications should use SWIZ_CNTL (see Section 9.8). 


1K_PAGE: This bit must be ‘1’ to configure the CL-GD5465 for 1-Kbyte page 
RDRAMSs. This bit must be ‘0’ to configure the CL-GD5465 for 2-Kbyte page 
RDRAMs. 


AUTO_BLT_EN: When this bit is ‘0’, the auto-BitBLT arm/trigger mechanism is dis- 
abled. When this bit is ‘1’, the mechanism operates normally. 


CNTL_TAG (Read only): This read-only bit returns the current command tag. 
Reserved 


HALT_WR_FIFO: When this bit is ‘1’, popping the write FIFO is inhibited. When 
this bit is ‘0’, the write FIFO operates normally. 


FLUSH_WR_FIFO: When this bit is ‘1’, the write FIFO is flushed. When this bit is 
‘0’, the write FIFO operates normally. 


Reserved 
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9.3. QFREE Register 


Size (bits) 8 
MMIO Offset 404h 
Access Type Read only 
Bit Description Reset State 
ee Reserved 
4 QFREE [4] 1 
3 QFREE [3] 1 
2 QFREE [2] 0 
1 QFREE [1] 0 
0 QFREE [0] 1 
This read-only register returns the count of 32-bit entries currently free in the data and command 
write FIFO. 
Bit Description 
Ip Reserved 
4:0 QFREE [4:0]: This five-bit field returns the number of free entries in the data and 


command write FIFO. 


May 1997 9-8 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 2D GRAPHICS ACCELERATOR REGISTERS 


9.4 


OFFSET_2D Register 


Size (bits) 8 

MMIO Offset 405h 

Access Type Read/Write 
Bit Description Reset Value 
7:0 OFFSET_2D [7:0] 0 


This register specifies an offset to the Y component of the X,Y address in the 2D engine in incre- 
ments of 16 lines. This register is reset to ‘OOh’ at power-on. 


Bit Description 
7:0 OFFSET_2D [7:0]: This eight-bit field specifies the Y-component offset. 
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9.5 TIMEOUT Register 


Size (bits) 
MMIO Offset 
Access Type 


3:0 


8 
406h 
Read/Write 
Description 
Reserved 
TIMEOUT OCCURRED 
TIME_X16 
TIMEOUT _EN 


TIMEOUT [3:0] 


After a cycle is initiated, this register specifies the number of system clocks that the CL-GD5465 
2D and 3D logic must wait before releasing the internal HIF bus by asserting the ready signal. This 
is an immediate register. The intended use of this register is during device driver development to 
prevent bus lockups. 


Bit 
7 
6 


3:0 
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Description 


Reserved 


TIMEOUT_OCCURRED: If this bit is read as ‘0’, it indicates a time-out has 
occurred. A ‘1’ must be written to this bit by the software to clear the time-out indi- 
cator. 

TIMEOUT_X16: If this bit is programmed to ‘1’, the time-out period is increased by 
a factor of 16, and ‘k’in the following equation is 240. If this bit is programmed to 
‘0’, ‘k’in the following equation is 15. 


TimeoutPeriod = (Timeout+1)ek Equation 9-1 


TIMEOUT_EN: If this bit is ‘1’, the time-out bus release is enabled. This bit should 
not be set in normal operation or unreliable operation occurs when the device 
driver is busy. 


TIMEOUT [3:0]: This field is the time-out period. See Equation 9-1. 
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9.6 


TILE_CTRL_2D3D Register 


Size (bits) 8 

MMIO Offset 407h 

Access Type Read/Write 
Bit Description Reset 
7:6 BANK_INTERLEAVE [1:0] 0 
5:0 TILES PER_LINE [5:0] 01000b 


This register controls memory (RDRAM) interleaving and tiling. This register is an immediate reg- 
ister. See also the Display Threshold register at OEAh and the Tiling Control register at 2C4h. 


























Bit Description 
7:6 BANK_INTERLEAVE [1:0]: This two-bit field controls the memory interleave fac- 
tor. 
BANK_INTERLEAVE [1:0] Interleave Mode 
00b No interleave 
O1b 2-way bank interleave 
10b 4-way bank interleave 
11b Reserved 
5:0 TILES PER_LINE [5:0]: This six-bit field specifies the tiles per line. Values not 


shown in the table below are reserved and must not be programmed. 























TLE_CTRL (| Te Perine | TUE,SUE = "280" | TLE SIZE 258 o 
5d 5 640 1280 
8d 8 1024 2048 
10d 10 1280 2560 
13d 13 1664 3328 
16d 16 2048 4096 
20d 20 2560 5120 
26d 26 3328 6656 
32d 32 4096 8192 
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9.7 RESIZE{A-C}_opRDRAM Registers 


Size (bits) 

MMIO Offset 
MMIO Offset 
MMIO Offset 
Access Type 


Bit 

31 

30 
29:16 
15:0 


32 

408h (RESIZEA_opRDRAM) 
40Ch (RESIZEB_opRDRAM) 
410h (RESIZEC_opRDRAM) 
Read/Write 


Description 
TRIGGER 
ARM 

Y [13:0] 

X [15:0] 


These three registers specify the location of source color pixel data for the automatic Resize- 
BitBLT operation. Each register contains a separate source address, triggered when the screen 
refresh reaches the appropriate scanline. During an automatic BitBLT, the first line read from this 
address contains the Resize-BitBLT parameters. When used for V-Port double buffering, write the 
RESIZE{A—C}_opRDRAM.pt.Y as an even address. This allows the V-Port controller to toggle 
between two buffers. In all cases, align the source address to the first byte in a tile. 


Bit 
31 


30 


29:16 


15:0 
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Description 


TRIGGER: If this bit is ‘1’, the auto-BitBLT begins when this register is written. If 
this bit is ‘0’, the CL-GD5465 waits for the appropriate vertical count before begin- 
ning the auto-BitBLT. 

ARM: If this bit is ‘1’, the auto-BitBLT starts when the CRT controller reaches the 
appropriate vertical count. If this bit is ‘0’, the auto-BitBLT must be armed externally. 
Y [13:0]: This 14-bit field specifies the vertical location of the source data in the 
RDRAM. This field is programmed in terms of scanlines. 


X [15:0]: This 16-bit field specifies the horizontal location of the source data in the 
RDRAM. This field is programmed in terms of bytes. 
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9.8 SWIZ_CNTL Register 


Size (bits) 16 
MMIO Offset 414h 
Access Type Read/Write 
Bit Description 
1351 Reserved 
0 SWIZ 


This register controls swizzling at the host data port. This register allows swizzling to be enabled 
or disabled with a single write command. This register supersedes the SWIZ_CNTL bit in the 
CONTROL register (see Section 9.2) and should be used for all new applications. 


Bit Description 
15:1 Reserved 
0 SWIZ: When this bit is ‘1’, data is swizzled at the host data port. 
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9.9 CONTROL2 Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:10 
9 


+ © A OO No 
N 


0 


16 
418h 
Read/Write 


Description Reset State 
Reserved 
FetchPriority1 
FetchPriorityO 
MONO_SAFETY_256 
RESIZE_BE_ OPT 
MCU_SM_REC_EN 
BYTE_REQ_256 
STORE_OPT [1:0] 10b 
FETCH_OPT [1:0] 10b 


-O000- 


This register contains control bits in addition to those in the CONTROL register (see Section 9.2). 
This register should be considered as an extension. Applications program never need to write to 


this register. 
Bit 

15:10 

9 


8 
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Description 
Reserved 


FetchPriority1: When this bit is ‘1’, 3D fetches have priority over all 3D stores in 
the MCU. 

FetchPriority0: When this bit is ‘1’, 3D fetches have priority over the second half 
of a 3D store that crosses an X tile boundary. 

MONO_SAFETY_ 256: When this bit is ‘1’, monochrome stores in 256-byte mode 
are done in scanline mode if the X extent is greater than 64 pixels. When this bit is 
‘0’*, monochrome stores are allowed to be multi-lined. This is the default. 
RESIZE_BE_OPT: When this bit is ‘1’, resize byte enables start as OFF and have 
ones shifted into them. When this bit is ‘0’, resize byte enables start as ON. This is 
the default. 


MCU_SM_REC_EN: When this bit is ‘1’, it enables a recovery mode for the MCU 
SRAM write enable state machine. 


BYTE_REQ_ 256: This bit specifies the size of RDRAM request packets for the 2D 
engine. When this bit is ‘1’, 256-byte packets are requested. When this bit is ‘0’, 
128-byte packets are requested. 


STORE_OPT1: When this bit is ‘1’, the MCU reorders store sequences for 3D oper- 
ations, as an optimization. 
STORE_OPT0: When this bit is ‘1’, the MCU reorders store sequences for 3D oper- 
ations, as an optimization. 
FETCH_OPT1: When this bit is ‘1’, the MCU reorders fetch sequences for 3D oper- 
ations, as an optimization. 


FETCH_OPTO: When this bit is ‘1’, the MCU reorders fetch sequences for 3D oper- 
ations, as an optimization. 
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9.10 COMMAND_PORT Register 


Size (bits) 32 

MMIO Offset 480h—4FCh 

Access Type Read only or Write only 
Bit Description 
31:0 COMMAND (Read only) [31:0] 
31:16 COMMAND CODE (Write only) [15:0] 
15:0 COMMAND DATA (Write only) [15:0] 


This register allows direct access to the Write FIFO input and output. This single 32-bit port is 
aliased across 128 bytes of address space. Host address bits 6:0 are ignored, allowing the use of 
MOVS instructions to transfer data in blocks. Software should be written to access these ports as 
32-bit quantities. Normally, accesses to this register are not required. This description is included 
for completeness only. 


Bit Description 
31:0 COMMAND [81:0] (Read only): When this 32-bit register is read, the command, 


address, or data value is read from the Write FIFO. The command tag from 
CONTROL7] should be read first. If the FIFO is empty, no error is generated. Soft- 
ware must allow at least 200 ns between two consecutive reads of COMMAND, or 
between a read of COMMAND and a read of CONTROL. 


31:16 COMMAND CODE [15:0] (Write only): When this 16-bit field is written, the Com- 
mand Code and Command Data are pushed onto the Write FIFO. 
15:0 COMMAND DATA [15:0] (Write only): This 16-bit field must always be written 


together with the Command Code as a dword. 
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9.11 MAJ{X,Y}, MIN{X,Y}, ACCUM{X,Y} Registers 


Size (bits) 16 
MMIO Offset 500h (MIN_Y) 
MMIO Offset 502h (MAJ_Y) 
MMIO Offset 504h (ACCUM_Y) 
MMIO Offset 508h (MIN_X) 
MMIO Offset 50Ah (MAJ_X) 
MMIO Offset 50Ch (ACCUM_X) 
Access Type Read/Write 

Bit Description 

15:0 VALUE [15:0] 


These six registers contain the values used by the stretch and shrink logic to calculate interpola- 
tion for the Resize BitBLTs. 


Bit Description 
15:0 VALUE [15:0]: These two sets of values are used by the stretch and shrink logic 


to calculate the interpolation. The MIN value is added to the respective ACCUM 
value. If the ACCUM value is negative, the respective MAJ value is added. These 
are two’s complement numbers. 
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9.12 LUMINANCE _ENH Register 


Size (bits) 16 

MMIO Offset 506h 

Access Type Read/Write 
Bit Description Reset Value 
15:8 Reserved 
7:0 LUMINANCE_ENH [7:0] 0 


This register specifies the value to be combined with the luminance value before the conversion 
from YUV to RGB within the resize-reformat engine. 


Bit Description 
15:8 Reserved 
7:0 LUMINANCE_ENH [7:0]: This is a two’s complement number that is added to the 


luminance value of each source pixel during conversion and resize. A positive 
value (0x00 — 0x7f) brightens the image; a negative value (0x80 — Oxff) dims the 
image. The sum is clipped at Ox7F (127 decimal) for a positive value of 
LUMINANCE_ENH and at 0x80 (-128 decimal) for a negative value of 
LUMINANCE_ENH. 


If Chroma Control is enabled and RGB values are selected as the input, the RGB 
values are each modified by the value in this register. 
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9.13  LNCNTL Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:10 


iN 


16 
50Eh 
Write only 


Description 
Reserved 

CHAIN 

AUTO 

Reserved 
G_FORMAT [2:0] 
YSHRINK 
XSHRINK 
YINTERP 
XINTERP 


This register specifies the Resize-BitBLT and auto-BitBLT parameters, and is used for compatibil- 
ity with the CL-GD5462 2D (revision ‘AD’) and the CL-GD5464. It directly correlates to the new 
STRETCH_CNTL register. If any bits are written to the STRETCH_CNTL register, this register 
automatically changes to use those same bits. 


Caution should be taken when writing to this register as it directly affects the STRETCH_CNTL 
register. This register should not be read and restored during context switches. Rather, the pro- 
grammer should use STRETCH_CNTL (see Section 9.14). 


Bit 
15:14 
13 
12 
11:10 
) 
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Description 

Reserved 

Reserved: This bit is written into bit 5 of the STRETCH_CNTL register. 
Reserved: This bit is written into bit 4 of the STRETCH_CNTL register. 
Reserved 


CHAIN: When this bit is ‘1’, auto-BitBLTs fetch a new header. When this bit is ‘0’, 
auto-BitBLTs do not fetch a new header. Program this bit to ‘0’ for non-auto-Bit- 
BLTs. 


AUTO: When this bit is ‘1’, auto-BitBLTs are stretch BitBLTs. When this bit is ‘0’, 
auto-BitBLTs are normal BitBLTs. 


Reserved 
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9.13 LNCNTL Register (cont.) 


Bit Description 


6:4 G_FORMAT [2:0]: This three-bit field specifies the format assumed by stretch Bit- 
BLTs. This field also determines the multiplication factor for automatic BitBLT co- 
ordinates. Program this field to a value consistent with the frame buffer format. 






































G_FORMAT Multiplication Factor 
000 8-bpp palettized 1 
001 16-bpp 1:5:5:5 2 
010 16-bpp 5:6:5 2 
011 YUV 4:2:2 2 
100 32-bpp RGB 4 
101 24-bpp RGB 3 
110 Reserved 
111 Reserved i 
3. YSHRINK: If this bit is programmed to ‘1’, the resize operation is a shrink in the Y 
direction. If this bit is programmed to ‘0’, the Y is stretched. 
2 XSHRINK: If this bit is programmed to ‘1’, a shrink in the X dimension is done. If 
this bit is programmed to ‘0’, the operation is a stretch. 
1 YINTERP: If this bit is programmed to ‘1’, the Y lines are interpolated. If this bit is 
programmed to ‘0’, the Y lines are decimated or replicated. 
0 XINTERP: If this bit is programmed to ‘1’, the X pixels are interpolated. If this bit is 


programmed to ‘0’, the X pixels are decimated or replicated. 
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9.14 STRETCH_CNTL Register 


Size (bits) 

MMIO Offset 

Access Type 
Bit Description 
15:12 SRC_FMT 
11:8 DST_FMT 
7 CHAIN 
6 AUTO 
5 WinNT/Win95 
4 X_MIRROR 
3 YSHRINK 
2 XSHRINK 
1 YINTERP 
0 XINTERP 


16 
510h 
Read and Write 


CL-GD5465 Technical Reference Manual 


This register defines the functions of stretch operations within the 2D logic. Related registers are 
BLTDEF (page 9-37), DRAWDEF (page 9-36), and OP_opFGCOLOR (page 9-47). The 
STRETCH_CNTL register is also linked directly with the LNCNTL register, any bits written to either 
register changes the other register. 


This register replaces the function of the LNCNTL register in previous revisions of Laguna. Note 
that the LNCNTL register is still functional in the CL-GD5465, and is provided for software com- 
patibility. The LNCNTL register does not allow for any of the format conversions provided by 
STRETCH_CNTL register. 


















































CAUTION: Both registers affect the operation of the stretch logic. A write to the LNCNTL register affects 
the contents of the STRETCH_CNTL register as shown in the following table. 
Table 9-2. Conversion from LNCNTL to STRETCH_CNTL Operations 
LNCNTL.G_FORMAT STRETCH_CNTL.SRC_FMT STRETCH_CNTL.DST_FMT 
Value | Corresponding Format | Value | Corresponding Format | Value Corresponding Format 
000 8-bpp CLUT 0000 8-bpp CLUT 0000 8-bpp CLUT 
001 RGB 16-bpp 1:5:5:5 0001 RGB 16-bpp 1:5:5:5 0001 RGB 16-bpp 1:5:5:5 
010 RGB 16-bpp 5:6:5 0010 RGB 16-bpp 5:6:5 0010 RGB 16-bpp 5:6:5 
011 YUV 16-bpp 4:2:2 1001 YUV 16-bpp 4:2:2 1001 YUV 16-bpp 4:2:2 
RGB 24-bpp 8:8:8 RGB 24-bpp 8:8:8 RGB 24-bpp 8:8:8 
ue (packed TC) oN (packed TC) not (packed TC) 
RGB 32-bpp A:8:8:8 RGB 32-bpp A:8:8:8 RGB 32-bpp A:8:8:8 
ion (alpha TC) oni08 (alpha TC) 100 (alpha TC) 
110 Reserved 1000 Reserved 1000 Reserved 
111 n/a 
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9.14 STRETCH_CNTL Register (cont.) 


Table 9-3. CL-GD5465 Resize and Reformat 2D Engine Modes of Operation 


SRC_FMT DST_FMT Description STRETCH? | SHRINK Notes 


























0 8-bpp, gray/CLUT 8 0 8-bpp, gray/ CLUT 8 R, | R, | 

1 16-bpp, x:5:5:5 0 8-bpp, RGB 3:3:2 R, | R, | 

1 16-bpp, x:5:5:5 1 16-bpp, x:5:5:5 R, | R, | 

1 16-bpp, x:5:5:5 2 16-bpp, 5:6:5 R, | R, | 

1 16-bpp, x:5:5:5 3 24-bpp, 8:8:8 R, | R, | 

1 16-bpp, x:5:5:5 4 32-bpp, a:8:8:8 R, | R, | 

2 16-bpp, 5:6:5 0 8-bpp, RGB 3:3:2 R, | R, | 

2 16-bpp, 5:6:5 1 16-bpp, x:5:5:5 R, | R, | 

2 16-bpp, 5:6:5 2 16-bpp, 5:6:5 R, | R, | 

2 16-bpp, 5:6:5 3 24-bpp, 8:8:8 R, | R, | 

2 16-bpp, 5:6:5 4 32-bpp, a:8:8:8 R, | R, | 

3 24-bpp, 8:8:8 0 8-bpp, RGB 3:3:2 R, | R 1 
3 24-bpp, 8:8:8 1 16-bpp, x:5:5:5 R, | R 

3 24-bpp, 8:8:8 2 16-bpp, 5:6:5 R, | R 

3 24-bpp, 8:8:8 3 24-bpp, 8:8:8 R, | R 

3 24-bpp, 8:8:8 4 32-bpp, a:8:8:8 R, | R 

3 24-bpp, 8:8:8 A 24-bpp, VYU 4:4:4 R 

4 32-bpp, a:8:8:8 0 8-bpp, RGB 3:3:2 R, | R, | 

4 32-bpp, a:8:8:8 1 16-bpp, x:5:5:5 R, | R, | 

4 32-bpp, a:8:8:8 2 16-bpp, 5:6:5 R, | R, | 

4 32-bpp, a:8:8:8 3 24-bpp, 8:8:8 R, | R, | 

4 32-bpp, a:8:8:8 4 32-bpp, a:8:8:8 R, | R, | 

5 4-bpp, CLUT 4 0 8-bpp, CLUT 8 R,L R,L 2 
5 4-bpp, CLUT 4 1 16-bpp, x:5:5:5 R,L R,L 2 
5 4-bpp, CLUT 4 2 16-bpp, 5:6:5 R,L Ak 2 
5 4-bpp, CLUT 4 3 24-bpp, 8:8:8 R,L R,L 2 
5 4-bpp, CLUT 4 4 32-bpp, a:8:8:8 R,L R,L 2 
6 8-bpp, CLUT 8 0 8-bpp, CLUT 8 R,L R,L 

6 8-bpp, CLUT 8 1 16-bpp, x:5:5:5 R,L R,L 

6 8-bpp, CLUT 8 2 16-bpp, 5:6:5 R,L R,L 

6 8-bpp, CLUT 8 3 24-bpp, 8:8:8 R,L R,L 

5 8-bpp, CLUT 8 4 32-bpp, a:8:8:8 R,L R,L 

9 16-bpp, YUV 0 8-bpp, RGB 3:3:2 R, | R 3 
9 16-bpp, YUV 1 16-bpp, x:5:5:5 R, | R 3 
9 16-bpp, YUV 2 16-bpp, 5:6:5 R, | R 3 
9 16-bpp, YUV 3 24-bpp, 8:8:8 R, | R 3 
9 16-bpp, YUV 4 32-bpp, a:8:8:8 R, | R 3 
9 16-bpp, YUV 9 16-bpp, YUV R, | R 4,5,6 
9 16-bpp, YUV A 24-bpp, VYU 4:4:4 R, | R 3 
A 24-bpp, VYU 4:4:4 0 8-bpp, RGB 3:3:2 R, | R 

A 24-bpp, VYU 4:4:4 1 16-bpp, x:5:5:5 R, | R 

A 24-bpp, VYU 4:4:4 2 16-bpp, 5:6:5 R, | R 

A 24-bpp, VYU 4:4:4 3 24-bpp, 8:8:8 R, | R 1 
A 24-bpp, VYU 4:4:4 4 32-bpp, a:8:8:8 R, | R 

A 24-bpp, VYU 4:4:4 9 16-bpp, YUV R, | R 5,6 
A 24-bpp, VYU 4:4:4 A 24-bpp, VYU 4:4:4 R, | R 














4 Stretch, R = replicate; Stretch, | = interpolate; Shrink, R = decimate; Shrink, | = average; L = lookup/translate 


from operand 2 SRAM; and Resize ratios, stretch/shrink <= 1:16, 16:1. 
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9.14 STRETCH_CNTL Register (cont.) 
NOTES: 


1 
2 


oo fw WwW 


) 
) 
) 
) 
) 
) 
) 


7 


Mode 3,A or A,3 operation byte converts between VYU 4:4:4 and YUV 4:4:4. 
Source must be < 128 bytes (256 if 256 byte fetches are enabled). 

Source address dword/pixel pair. 

Source extent dword/pixel pair. 

Destination address dword/pixel pair. 

Destination extent dword/pixel pair. 

Mirrored 24-bit operation requires byte and pixel alignment (24 bytes). 


The correlation between the LNCNTL and STRETCH_CNTL registers is as follows: 


May 1997 


LNCNTL.CHAIN ——————___» STRETCH_CNTL.CHAIN 
LNCNTL.AUTO ———-W¥——_—"_———» STRETCH_CNTL.AUTO 
LNCNTL.YSHRINK ———_—_____» STRETCH_CNTL.YSHRINK 
LNCNTL.XSHRINK —————» STRETCH_CNTL.XSHRINK 
LNCNTL.YINTERP ——————————_» STRETCH_CNTL. YINTERP 
LNCNTL.XINTERP —————_> STRETCH_CNTL.XINTERP 
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9.14 STRETCH_CNTL Register (cont.) 


Bit Description 


15:12 SRC_FMT: Converted and non-converted format stretch operations are controlled 
by these bits. 


Standard stretch operations are performed by setting the source and destination 
formats to the same operation, such as setting source and destination format to 
‘0011’ (24-bit-packed-pixel format) and performing the stretch operation. 


Format conversion is performed by selecting source to one format, such as ‘1001’ 
(Qh) YUV 4:2:2 and setting the destination to ‘0010’ (2h) RGB 5:6:5, an RGB func- 
tion. Unlimited conversion is possible, but some modes produce random data. YUV 
formats 1001-1010 are converted to RGB formats 0001-0100. 


Format conversion allows for an input data stream of YUV data stored into off- 
screen memory and resize converted to an RGB format of on-screen memory in 
the selected video format. 
































SRC_FMT Source Data Format 

0000 8-bpp CLUT 

0001 RGB 16-bpp a:5:5:5 

0010 RGB 16-bpp 5:6:5 

0011 RGB 24-bpp 8:8:8 (packed TC) 
0100 RGB 32-bpp a:8:8:8 (alpha TC) 
0101 CLUT 4 data conversion 

0110 CLUT 8 data conversion 

0111 Reserved 

1000 Reserved 

1001 YUV 16-bpp 4:2:2 

1010 VYU 24-bpp 4:4:4 

1011-1111 Reserved 
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9.14 STRETCH_CNTL Register (cont.) 


Bit Description 


11:8 DST_FMT: Formats ‘0001’ and ‘0100’ (A:5:5:5 and A:8:8:8) receive their alpha data 
from the OP_OPFGCOLOR register. 






































DST_FMT Destination Data Format 
0000 RGB 3:2:2 for source modes 1, 2, 3, 4, 8,9,A 
grayscale/CLUT 8 for modes 0, 5, 6 
0001 RGB 16-bpp a:5:5:5 
0010 RGB 16-bpp 5:6:5 
0011 RGB 24-bpp 8:8:8 (packed true color) 
0100 RGB 32-bpp a:8:8:8 (alpha true color) 
0101-0111 Reserved 
1000 Reserved 
1001 YUV 16-bpp 4:2:2 
1010 VYU 24-bpp 4:4:4 
1011-1111 Reserved 
7 CHAIN: When this bit is ‘1’, auto-BitBLTs fetch a new header. When this bit is ‘0’, 
auto-BitBLTs do not fetch a new header. Program this bit to ‘0’ for non-auto-Bit- 
BLTs. 
6 AUTO: When this bit is ‘1’, auto-BitBLTs are stretch BitBLTs. When this bit is ‘0’, 
auto-BitBLTs are normal BitBLTs. 
5 WinNT/Win95: This bit is a format select for CLUT 4/8 conversion into destination 


format modes 1 (RGB A:5:5:5) and 2 (RGB 5:6:5). This bit is programmed to ‘0’ for 
Windows NT and ‘1’ for Windows 95. OP2 SRAM contains the conversion table. 


4 X_MIRROR: This bit is programmed to ‘1’ to select mirror operation. See the 
Chapter 14, “2D Programmer’s Guide” for complete details of operation including 
restrictions. 


3 YSHRINK: If this bit is programmed to ‘1’, the resize operation is a shrink in the Y 
direction. If this bit is programmed to ‘0’, Y is stretched. 

2 XSHRINK: If this bit is programmed to ‘1’, a shrink in the X dimension is done. If 
this bit is programmed to ‘0’, the operation is a stretch. 

1 YINTERP: If this bit is programmed to ‘1’, Y lines are interpolated. If this bit is pro- 
grammed to ‘0’, Y lines are decimated or replicated. 

0 XINTERP: If this bit is programmed to ‘1’, X pixels are interpolated. If this bit is pro- 


grammed to ‘0’, X pixels are decimated or replicated. 
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9.15 CHROMA_CNTL Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15 
14 
13 
12 
11:10 


O-H-NWAUIDNOO 


16 
512h 
Read/Write 


Description 
CMP_EN 
DATA_SELECT 
Reserved 
CHROMA_TAG_EN 
SEC_SEL [1:0] 
RGB_OA_ 
SEC_OA_ 
SEC_EN 

R_EN 

G_EN 

B_EN 
SEC_10_ 
R_1O_ 

G_1O_ 

B 10. 


2D GRAPHICS ACCELERATOR REGISTERS 


This register allows chroma keying to be enabled or disabled on a pixel-component or global basis. 
This register also controls the selection of secondary chroma-key data, the selection of chroma- 
keying methods (AND or OR), and whether the chroma-key compare checks for values inside the 
specified value range or outside the specified value range. Related registers are 
CHROMA_LOWER (page 9-51), CHROMA_UPPER (page 9-52), and OP_opFGCOLOR 


(page 9-47). 
Bit 
15 


14 


13 
12 


Description 


CMP_EN: This bit globally enables (‘1’) or disables (‘0’) the write-enable generation 
based on chroma-key comparison results. 


DATA_SELECT: This bit selects whether chroma-key comparison occurs on raw 
pixel data or color converted RGB pixel data. Color converted RGB data is modified 
if the LUMINANCE_ENH register is set to a value other than zero. 


Reserved 


CHROMA_TAG_EN: This bit enables the alpha channel selection capability of the 
chroma-key block. Global chroma keying must be disabled for this bit to have an 


effect. 
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9.15 CHROMA_CNTL Register (cont.) 


Bit 
11:10 


May 1997 


Description 
SEC_SEL [1:0]: This two-bit field selects which component of the input pixel is 


used in the secondary chroma-key compare process. 








00 Blue or V component 
01 Green or U component 
10 Red or Y component 
14 Reserved 

















RGB_OA : This bit selects the primary compare OR (‘1’) or primary compare and 
(‘0’) process. 


SEC_OA : This bit selects secondary compare OR (‘1’) or secondary compare 
and (‘0’) process. 


SEC_EN: This bit enables (‘1’) or disables (‘0’) the secondary compare process. 


R_EN: This bit enables (‘1’) or disables (‘0’) chroma keying on the Red or Y pixel 
component. 


G_EN: This bit enables (‘1’) or disables (‘0’) chroma keying on the Green or U pixel 
component. 


B_EN: This bit enables (‘1’) or disables (‘0’) chroma keying on the Blue or V pixel 
component. 


SEC_10_: This bit determines whether secondary compare checks for values 
inside (‘1’) or outside (‘0’) the compare boundaries. 


R_IO_: This bit determines whether the Red or Y compare checks for values inside 
(‘1’) or outside (‘0’) the Red or Y compare boundaries. 


G_1O_: This bit determines whether the Green or U compare checks for values 
inside (‘1’) or outside (‘0’) the Green or U compare boundaries. 


B_ IO _:This bit determines whether the Blue or V compare checks for values inside 
(‘1’) or outside (‘0’) the Blue or V compare boundaries. 


9-26 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 2D GRAPHICS ACCELERATOR REGISTERS 


9.16 BLTEXT Register 


Size (bits) 32 
MMIO Offset 518h 
Access Type Read/Write 
Bit Description 
31:29 Reserved 
28:16 Y Extent [12:0] 
15:12 Reserved 
110 X Extent [11:0] 


This register defines the BitBLT XY extents (the size of the destination pixel array). It can be 
accessed as a single 32-bit quantity or two 16-bit quantities. The BLTEXT_EX (0600h) and 
BLTEXT_XEX (0700h) registers can be read back at this address. 


Bit Description 

31:29 Reserved 

28:16 Y Extent [12:0]: This is the Y size (height) of the result rectangle. This is expressed 
in scanlines. 

15:12 Reserved 

11:0 X Extent [11:0]: This is the X size (width) of the result rectangle in pixels. This 


value is converted to bytes when it is written, and is read back in bytes. 
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9.17 MBLTEXT Register 


Size (bits) 32 
MMIO Offset 51Ch 
Access Type Read/Write 
Bit Description 
31:29 Reserved 
28:16 Y Extent [12:0] 
15:12 Reserved 
110 X Extent [11:0] 


This register defines the BitBLT XY extents (the size of the destination pixel array) for M(byte) Bit- 
BLT operations. It can be accessed as a single 32-bit quantity or two 16-bit quantities. The X extent 
is not converted to bytes. 


Bit Description 

31:29 Reserved 

28:16 Y Extent [12:0]: This is the Y size (height) of the result rectangle. This is expressed 
in scanlines. 

15:12 Reserved 

11:0 X Extent [11:0]: This is the X size (width) of the result rectangle in bytes. If mono- 


chrome data is part of the BitBLT, the software must be MONOQW with the number 
of monochrome QWORDs in the X direction. 
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9.18 OP{0-2} opRDRAM Registers 


Size (bits) 32 
MMIO Offset 520h (OPO_opRDRAM) 
MMIO Offset 540h (OP1_opRDRAM) 
MMIO Offset 560h (OP2_opRDRAM) 
Access Type Read/Write 

Bit Description 

31 Y15 

30 Reserved 

29:16 Y [13:0] 

15:13 Reserved 

12:0 X [12:0] 


These three registers specify the location of color pixel data in the frame buffer (RDRAM). The 
RDRAM address describes where pattern or scanline data resides. Each register can be 
accessed as a single 32-bit quantity or two 16-bit quantities. The register specifies the phase for 
both RDRAM and host transfers. 


When OP1 or OP2 is sourced from the host, set the corresponding OPx_opRDRAM.pt.X with the 
phase of the host data. The same rotation calculation is used for RDRAM accesses. 
OPO_opRDRAM.pt.X calculates the result phase for both destination to RDRAM and destination 
to host, and for all three SRAM results. In addition. OPO_opRDRAM is used to anchor the patterns. 


The RDRAM X address is converted to a byte address as it is written to the register and is read 
back as a byte address. To set the monochrome address, use the OP{0-2}_ op MRDRAM registers. 


Bit Description 

31 Y15: If this bit is ‘1’, the BLT operand is sourced from the host rather than RDRAM. 
This is used for bus-mastered host XY operations. 

30 Reserved 

29:16 Y [13:0]: This 14-bit field specifies the vertical position of the operand data in 
RDRAM memory. This field is specified in terms of scanlines. 

15:13 Reserved 

12:0 X [12:0]: This 13-bit field specifies the horizontal position of the operand data in 


RDRAM memory. This field is specified in terms of pixels. 
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9.19 OP{0-2} opMRDRAM Registers 


Size (bits) 32 
MMIO Offset 524h (OPO_opMRDRAM) 
MMIO Offset 544h (OP1_opMRDRAM) 
MMIO Offset 564h (OP2_opMRDRAM) 
Access Type Read/Write 

Bit Description 

31:30 Reserved 

29:16 Y [13:0] 

15:0 X [15:0] 


These three registers specify the location of monochrome pattern or scanline data in the frame 
buffer (RDRAM) for the three pixel path operands: OPO, OP1, and OP2. The two fields in each 
register can be accessed as a single 32-bit quantity, or X and Y can be accessed as individual 16- 
bit quantities. Use these registers only when using monochrome data or when byte conversion is 


not needed. 

Bit Description 

31:30 Reserved 

29:16 Y [13:0]: This 14-bit field specifies the vertical position of the operand data in 
RDRAM memory. This field is specified in terms of scanlines. 

15:0 X [15:0]: This 16-bit field specifies the horizontal position of the operand data in 


RDRAM memory. This field is specified in terms of bits for monochrome and bytes 
for non-monochrome. 
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9.20 OP{0-2} opSRAM Registers 


Size (bits) 16 
MMIO Offset 528h (OP0_opSRAM) 
MMIO Offset 548h (OP 1_opSRAM) 
MMIO Offset 568h (OP2_opSRAM) 
Access Type Read/Write 

Bit Description 

15:7 Reserved 

6:0 Color SRAM Address [6:0] 


These three registers specify the location of color pixel data in the SRAM for operands 0-2. The 
SRAM address describes where the actual pixel data is for read operations. These registers are 
accessed as 16-bit quantities. This register is converted to a byte address when written to the reg- 
isters, and is read back as a byte address. Use OPO{1—2}_ op MSRAM to specify the location of 
monochrome data in the SRAM for operands 1 and 2. 


Bit Description 
Loz Reserved 
6:0 Color SRAM Address [6:0]: This field specifies the horizontal position of the pixel 


data in SRAM memory. The phase is indicated by the least-significant bits as 
shown in the following table: 


Pixel Depth (bytes) | Phase Control 











1 2:0 
2 1:0 
4 0 
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9.21 PATOFF Register 


Size (bits) 16 
MMIO Offset 52Ah 
Access Type Read/Write 
Bit Description 
15:11 Reserved 
10:8 Y [2:0] 
7:3 Reserved 
2:0 X [2:0] 


This register specifies the pattern pixel offset that calculates offset for anchored patterns. To pro- 
duce the offset into the pattern, each segment is added to OPO_opRDRAM before byte conver- 


sion. 

Bit Description 

15:11 Reserved 

10:8 Y [2:0]: This three-bit field specifies the Y offset. 
7:3 Reserved 

2:0 X [2:0]: This three-bit field specifies the X offset. 
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9.22 OP{1-2} opMSRAM Registers 


Size (bits) 16 
MMIO Offset 54Ah (OP1_opMSRAM) 
MMIO Offset 56Ah (OP2_opMSRAM) 
Access Type Read/Write 

Bit Description 

15:13 Reserved 

12:0 SRAM Address [12:0] 


These two registers specify the location of monochrome pixel data in operand 1 SRAM and oper- 
and 2 SRAM. The SRAM address specifies where the actual pixel data resides. Each register is 
accessed as a single 16-bit quantity. No pixel-to-byte conversion occurs with this command. These 
registers are write only, but can be read using the OP{1—2}_ op SRAM addresses. 


Bit Description 
15:13 Reserved 
12:0 SRAM Address [12:0]: This 13-bit field specifies the horizontal position where 


pixel data resides in SRAM memory. Bits 5:0 specify the source phase. 
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9.23 SRCX Register 


Size (bits) 16 
MMIO Offset 580h 
Access Type Read/Write 
Bit Description 
15:0 SRCX [15:0] 


This register specifies the width, in bytes, of the source pixel array for Resize-BitBLT operations. 


Bit Description 
15:0 SRCX [15:0]: This 16-bit field specifies X extent (Source pixel array width) in bytes. 
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9.24 SHRINKINC Register 


Size (bits) 16 
MMIO Offset 582h 
Access Type Read/Write 
Bit Description 
15:8 Y [7:0] 
7:0 X [7:0] 


This register specifies the X and Y increments for skipping source shrink Resize-BitBLT opera- 
tions. The Y value is set equal to the shrink reduction factor (Y = n where the shrink is n:1). When 
interpolation is disabled (see LNCNTL in Section 9.13, and STRECH_CNTL in Section 9.14) the 
X value is also set to the shrink reduction factor. When interpolation is enabled, the X value is set 
to the shrink reduction factor n. 


When interpolation is enabled, the X value is set to the shrink reduction faction minus one (n — 1). 
For example: 


e for 2:1 shrink with decimation, X — 2 and Y = 2 
e for 4:1 shrink with averaging, X = 4 and Y = 3 


Bit Description 

15:8 X [7:0]: This field specifies the Y (scanline) increment value. The minimum value 
for this field is 1. It is set equal to the shrink reduction factor. 

7:0 X [7:0]: This eight-bit field specifies the X (pixel) increment value. This field is set 


equal to the shrink reduction factor when interpolation is disabled (decimation), and 
is set equal to the shrink reduction factor minus one when interpolation is enabled 
(averaging). 
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9.25 DRAWDEF Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15 
14 
13 
12 
11 
10 
9 

8 
7:0 


16 
584h 
Read/Write 


Description 
DD_SAT1 
DD_SAT2 
DD_BITMASK_EN 
Reserved 
DD_CLIPEN 
DD_PTAG 
DD_TRANSOP 
DD_TRANS 
DD_ROP [7:0] 


This register defines the ROPs, and specifies how transparency and color-to-monochrome con- 
version are handled for drawing operations. 


Bit 
15 
14 
13 


12 
114 


10 


7:0 


May 1997 


Description 

DD_SAT1: If this bit is ‘1’, saturation monochrome conversion is enabled for OP1. 
DD_SATz2: If this bit is ‘1’, saturation monochrome conversion is enabled for OP2. 
DD_BITMASK_EN: If this bit is ‘1’, writes to the BITMASK and TAGMASK registers 
are updated in the RDRAM. 

Reserved 

DD_CLIPEN: If this bit is ‘1’, clipping is enabled. If this bit is ‘0’, clipping is disabled 
and the clip registers are unused. 

DD_PTAG: The bit is written to RDRAM as the ninth bit. This identifies the type of 
data to the RAMDAC. 

DD_TRANSOP: This bit specifies the transparency operation and is only used 
when DD_TRANS is ‘1’. See the table in bit 8 description. 

DD_TRANS: This bit controls the transparency, in conjunction with DD_-TRANSOP. 














0 0 Transparency disabled 

0 1 Transparency enabled, equal 

1 0 Transparency disabled 

1 1 Transparency enabled, not equal 














DD_ROP [7:0]: This field specifies one of the 256 ternary (three operand) ROPs. 
For whiteness (‘FFh’) and blackness (‘00h’), the programmer must specify that the 
OP1 source is SRAM. 
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9.26 BLTDEF Register 


Size (bits) 16 
MMIO Offset 586h 
Access Type Read/Write 
Bit Description 
15 BD_Y_DIR 
14:12 BD_RESULT [2:0] 
11:9 BD_TYPE [2:0] 
8 BD_OPO 
7 BD_OP1_PATTERN 
6:4 BD_OP1 [2:0] 
3 BD_OP2 PATTERN 
2:0 BD_OP2 [2:0] 


This register specifies the BitBLT direction, source of data for the three operands, and the desti- 
nation of the result data. 


Bit Description 
15 BD_Y_DIR: If this bit is programmed to ‘1’, the BitBLT proceeds from a higher Y 


addresses to a lower Y addresses (from the bottom of the screen to the top of the 
screen). If this bit is programmed to ‘0’, the BitBLT proceeds from a lower Y 
addresses to a higher Y addresses (from the top of the screen to the bottom of the 
screen). 

14:12 BD_RESULT [2:0]: This three-bit field specifies the destination for the output of the 
ROP engine. OPO and RESULT always share the same RDRAM and SRAM 
address. The value 000b is especially reserved and must never be programmed 




















into this field. 

BD_RES Destination 
000 Reserved: Do not use 
001 RDRAM color 
010 Host color 
011 Reserved 
100 SRAMO color 
101 SRAM1 color 
110 SRAM2 color 
111 SRAM1 and SRAM2 color 
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9.26 BLTDEF Register (cont.) 


Bit 
11:9 


6:4 


Description 


BD_TYPE [2:0]: This field determines the operation to be executed when an _EX 
register is written. Values not shown in the following table are reserved and must 
not be programmed into this field. 


BD_TYPE Operation 


000b Normal BitBLT 





001b Resize BitBLT 

















BD_OPO0: This bit specifies the source of OPO within the ROP engine. OPO is often 
referred to as the ‘destination’ operand. Each source defined with this bit has fur- 
ther destinations in other registers. Note that when the OPO source is selected to 


be in RDRAM, it shares a common memory location as RESULT. 





BD_OP2 Source 
0 SRAM color 
1 RDRAM color 

















BD_OP1_PATTERN: If this bit is ‘1’, the pattern property of OP1 is enabled. If this 
bit is ‘0’, the pattern property of OP1 is disabled. 


BD_OP1 [2:0]: This three-bit field specifies the source of OP1 within the ROP 
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engine. OP1 is often referred to as the ‘source’ operand. If the ROP has whiteness 
or blackness, this field must be programmed to ‘000b’. 























BD _OP1 Source Note 
000 SRAM color 
001 RDRAM color 
010 Host color 
011 Reserved 
100 SRAM monochrome X direction limited to 1792 pixels 
101 RDRAM monochrome | X direction limited to 1792 pixels 
110 Host monochrome X direction limited to 1792 pixels 
111 Color fill Uses background color 

















BD_OP2_PATTERN: If this bit is ‘1’, the pattern property of OP2 is enabled. If this 
bit is ‘0’, the pattern property of OP2 is disabled. 
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9.26 BLTDEF Register (cont.) 


Bit Description 


2:0 BD_OP2 [2:0]: This three-bit field specifies the source of OP2 within the ROP 
engine. OP2 is referred to as the ‘pattern’ or ‘transparency’ operand. 


BD_OP2 Source Note 


000 SRAM color 








001 RDRAM color 
010 Host color 
011 Reserved 





100 SRAM monochrome X direction limited to 1792 pixels 














101 RDRAM monochrome | X direction limited to 1792 pixels 
110 Host monochrome X direction limited to 1792 pixels 
111 Color fill Uses background color 
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9.27 MONOQW Register 


Size (bits) 16 
MMIO Offset 588h 
Access Type Read/Write 
Bit Description 
15:10 PixelExtent [5:0] 
9:7 PixelOffset [2:0] 
6 Reserved 
5:0 Monochrome QW Count [5:0] 


This register specifies the monochrome qword count, pixel extent, and pixel offset. Only set this 
register when the byte extent pointers are being used and monochrome data is part of the BitBLT. 
In this case, this register is programmed with the number of monochrome qwords required to sat- 
isfy the X extent register. When the normal extent pointers are used, this register is programmed 
to BLTEXT_EX.pt.X[11:6] plus BLTEXT_EX.pt.X[5:0]. 


The pixel extent is programmed with the pixel extent of the destination. When the normal extent 
pointers are used, bit 15:10 of this register are programmed to BLTEXT_EX.pt.X[5:0]. The pixel 
offset is programmed with the pixel offset of the destination. When the normal extent pointers are 
used, bit 9:7 of this register are programmed to OPO_opRDRAM.pt.X [2:0]. 


Bit Description 

15:10 PixelExtent [5:0]: This field specifies the pixel extent for monochrome data selec- 
tion. 

9:7 PixelOffset [2:0]: This field specifies the pixel offset of the destination address for 
OPO_opRDRAM or OPO_opSRAM. 

6 Reserved 

5:0 Monochrome QW Count [5:0]: This six-bit field specifies the qword count of 


monochrome data. 
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9.28 PERFORMANCE Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15 
14 
13:8 
7:4 
3:0 


16 

58Ch 

Read/Write 
Description Reset State 
RES_FIFO_FLUSH 0 
ECO_256_ BYTE_FIX_EN 1 
Reserved 00 0100b 
TransparencyMargin [3:0] 0100b 
NormalMargin [8:0] 0100b 


This register specifies the number of clocks that the BitBLT engine waits before starting a store 
operation. These values are used when the BitBLT operation is narrow, and is added to the default 
values based on RDRAM latency. 


Bit 
15 


14 


14:8 
7:4 


3:0 


Description 
RES FIFO_FLUSH: When this bit is programmed from ‘0’ to ‘1’, a reset is issued 
that clears the result FIFO. 


ECO 256 BYTES FIX_EN: When this bit is ‘0’, it enables 256 byte requests with 
256-byte-wide tiles. 


Reserved 


TransparencyMargin [3:0]: This field controls the margin during transparency 
operation. 


NormalMargin [3:0]: This field controls the margin during normal operation. 
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9.29 CLIPULE Register 


Size (bits) 32 

MMIO Offset 590h 

Access Type Read/Write 
Bit Description 
31:16 UpperClippingBoundary [15:0] 
15:0 LeftClippingBoundary [15:0] 


This register contains the upper- and left-clipping boundaries. These values are expressed in 
scanlines and pixels. These clipping boundaries are inclusive; pixels at these boundaries are 
drawn. Pixels above the UpperClippingBoundary or to the left of the LeftClippingBoundary are not 


drawn. 

Bit Description 

31:16 UpperClippingBoundary [15:0]: This value specifies the upper-clipping bound- 
ary, expressed in scanlines. Pixels above this boundary are not drawn if clipping is 
enabled. 

15:0 LeftClippingBoundary [15:0]: This field specifies the left-clipping boundary, 
expressed in pixels. Pixels to the left of this boundary are not drawn if clipping is 
enabled. 
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9.30 CLIPLOR Register 


Size (bits) 32 

MMIO Offset 594h 

Access Type Read/Write 
Bit Description 
31:16 LowerClippingBoundary [15:0] 
15:0 RightClippingBoundary [15:0] 


This register contains the lower- and right-clipping boundaries. These values are expressed in 
scanlines and pixels. These clipping boundaries are exclusive; pixels at these boundaries are not 
drawn. Pixels below the LowerClippingBoundary or to the right of the RightClippingBoundary are 
not drawn. These boundaries take precedence over CLIPULE; if the two values for a dimension 
are the same, no pixels are drawn. 


Bit Description 
31:16 LowerClippingBoundary [15:0]: This value specifies the lower-clipping bound- 


ary, expressed in scanlines. Pixels at or below this boundary are not drawn if clip- 
ping is enabled. 

15:0 RightClippingBoundary [15:0]: This field specifies the right-clipping boundary, 
expressed in pixels. Pixels at or to the right of this boundary are not drawn if clip- 
ping is enabled. 
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9.31 MCLIPULE Register 


Size (bits) 32 

MMIO Offset 598h 

Access Type Write only 
Bit Description 
31:16 UpperClippingBoundary [15:0] 
15:0 LeftClippingBoundary [15:0] 


This register contains the upper- and left-clipping boundaries for M(byte) clipped BitBLT opera- 
tions. These values are expressed in scanlines and bytes. These clipping boundaries are inclu- 
sive; pixels at these boundaries are drawn. Pixels above the UpperClippingBoundary or to the left 
of the LeftClippingBoundary are not drawn. This register physically occupies CLIPULE, and is 
read back at 590h. The left-clip boundary is not byte converted. 


Bit Description 

31:16 UpperClippingBoundary [15:0]: This value specifies the upper-clipping bound- 
ary, expressed in scanlines. Pixels above this boundary are not drawn if clipping is 
enabled. 

15:0 LeftClippingBoundary [15:0]: This field specifies the left-clipping boundary, 
expressed in bytes. Pixels to the left of this boundary are not drawn if clipping is 
enabled. 
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9.32 MCLIPLOR Register 


Size (bits) 32 

MMIO Offset 59Ch 

Access Type Read/Write 
Bit Description 
31:16 LowerClippingBoundary [15:0] 
15:0 RightClippingBoundary [15:0] 


This register contains the lower- and right-clipping boundaries for M(byte) clipped BitBLT opera- 
tions. These values are expressed in scanlines and bytes. These clipping boundaries are exclu- 
sive; pixels at these boundaries are not drawn. Pixels below the LowerClippingBoundary or to the 
right of the RightClippingBoundary are not drawn. These boundaries take precedence over 
CLIPULE; if the two values for a dimension are the same, no pixels are drawn. This register phys- 
ically occupies CLIPLOR and is read back at 594h. The right-clip boundary is not byte converted. 


Bit Description 
31:16 LowerClippingBoundary [15:0]: This value specifies the lower-clipping bound- 


ary, expressed in scanlines. Pixels at or below this boundary are not drawn if clip- 
ping is enabled. 

15:0 RightClippingBoundary [15:0]: This field specifies the right-clipping boundary, 
expressed in bytes. Pixels at or to the right of this boundary are not drawn if clipping 
is enabled. 
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9.33 ALPHA_{A,B} Register 


Size (bits) 32 
MMIO Offset 5E0h 
Access Type Read/Write 
Bit Description 
31:24 ALPHA_A (8 bits) 
23:16 ALPHA B (8 bits) 
15:8 ALPHA _A (8 bits) 
7:0 ALPHA _B (8 bits) 


This register contains the two 8-bit values used in padding the Alpha channel in a:8:8:8 and 
a:5:5:5 modes. 


IMPORTANT: This register is the same register as OP_opFGCOLOR (on page 9-47). 


In 16-bpp mode (that is, a:5:5:5 mode) only the most-significant bit of either Alpha channel is used 
(bit [81] in ALPHA_A or bit [23] in ALPHA_B). Note that in 16-bpp mode, only the lower word of 
the DWORD register needs to be written due to the self-replication nature of the register. 


In 32-bpp mode (that is, a:8:8:8 mode) the Alpha data is 8-bits wide and is stored in dword format 
(in 32-bpp mode there is no data replication). The Alpha data is stored as bits [31:24] = ALPHA_A 
and bits [23:16] = ALPHA_B. For more information on how the Alpha data is used, see Alpha- 
DataChannelSelection. 


Bit Description 

31:24 ALPHA_A (8 bits) 
23:16 ALPHA_B (8 bits) 
15:8 ALPHA_A (8 bits) 
7:0 ALPHA_B (8 bits) 
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9.34 OP_opFGCOLOR Register 


Size (bits) 32 
MMIO Offset 5E0h 
Access Type Read/Write 
Bit Description 
31:0 FGCOLOR [31:0] 


This register specifies the foreground color for the monochrome-to-color converter. The data is 
passed on to a selected OF U (operand function unit) for use with the selected raster operand. This 
register is used when the monochrome data is ‘1’. 


IMPORTANT: This register is the same register as ALPHA_{A,B} (on page 9-46). 


Bit Description 
31:0 FGCOLOR [31:0]: This 32-bit register specifies the foreground color. The following 


table shows how this register is used for the various color depths. 


Color Depth 31:24 23:16 15:8 7:0 














8 bpp Color Color Color Color 
16 bpp Color Color 

24 bpp Unused Red Green Blue 
32 bpp Alpha® Red Green Blue 




















4 Alpha is typically zero. 
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9.35 OP_opBGCOLOR Register 


Size (bits) 32 
MMIO Offset 5E4h 
Access Type Read/Write 
Bit Description 
31:0 BGCOLOR [31:0] 


This register specifies the background color for the monochrome-to-color converter. Data is 
passed on to a selected OFU for use with the selected raster operand. This register is used when 
the monochrome data is ‘0’. 


Bit Description 
31:0 BGCOLOR [31:0]: This 32-bit register specifies the background color. The follow- 


ing table shows how this register is used for the various color depths. 


























Color Depth 31:24 23:16 15:8 7:0 
8 bpp Color Color Color Color 
16 bpp Color Color 
24 bpp Unused Red Green Blue 
32 bpp Alpha® Red Green Blue 











4 Alpha is typically zero. 
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9.36 BITMASK Register 


Size (bits) 32 
MMIO Offset 5E8h 
Access Type Read/Write 
Bit Description 
31:0 BITMASK [31:0] 


This register specifies which bits are written, when drawing into the frame buffer. 


Bit Description 
31:0 BITMASK [31:0]: When drawing into the frame buffer, this 32-bit field controls 


which bits are written. This 32-bit field is duplicated to create the 64-bit BITMASK 
in the RDRAMs. A write to this register initiates a mask-load cycle on the Rambus, 
if bit 13 of the DRAWDEF register is high. Bits in this field that are ‘1’s enable writing 
to the corresponding bits in the RDRAM. 


This register must be completely filled, regardless of the pixel size. For example, in 
16-bit pixels, the mask must be duplicated; in 8-bit pixels, the mask must be repli- 
cated to a total of four bytes to fill the register. 
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9.37 TAG_MASK Register 


Size (bits) 16 
MMIO Offset 5ECh 
Access Type Read/Write 
Bit Description 
15:3 Reserved 
2 PT_MASK (Read only) 
1 Reserved 
0 PT_MASK (Write only) 


This register specifies the pixel tag mask for use with 9-bit RDRAMs. When this register is written, 
a mask-load cycle is generated for the RDRAMs if bit 13 of DRAWDEF is high. The pixel tag is in 
the DRAWDEF Register on page 9-36. 


Bit Description 
15:3 Reserved 
2 PT_MASK (Read only): The pixel mask allowing writing of PTAG is read back on 


this bit. This bit is implemented for backwards compatibility only. The 9th bit of 
RDRAMs is unused in the CL-GD5465. 


1 Reserved 


0 PT_MASK (Write only): The pixel mask allowing writing of PTAG is written on this 
bit. This bit is implemented for backwards compatibility only. The 9th bit of RDRAMs 
is unused in the CL-GD5465. 
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9.38 CHROMA_LOWER Register 


Size (bits) 32 

MMIO Offset 5FOh 

Access Type Write only 
Bit Description 
31:24 Secondary Lower Boundary 
23:16 Red or Y Lower Color Boundary 
15:8 Green or U Lower Color Boundary 
7:0 Blue or V Lower Color Boundary 


This write-only register contains the lower-boundary values for the secondary compare, and the 
Red, Green, Blue, or YUV pixel component-compare processes. 


Bit Description 

31:24 Secondary Lower Boundary: This field specifies the respective chroma bound- 
ary. 

23:16 Red or Y Lower Color Boundary: This field specifies the respective chroma 
boundary. 

15:8 Green or U Lower Color Boundary: This field specifies the respective chroma 
boundary. 

7:0 Blue or V Lower Color Boundary: This field specifies the respective chroma 
boundary. 
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9.39 CHROMA_UPPER Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:16 
15:8 
7:0 


32 
5F4h 
Write only 


Description 

Secondary Upper Boundary 

Red or Y Upper Color Boundary 
Green or U Upper Color Boundary 
Blue or V Upper Color Boundary 


This write-only register contains the upper-boundary values for the secondary compare, and the 
Red, Green, Blue, or YUV pixel component-compare processes. 


Bit 
31:24 


23:16 


15:8 


7:0 
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Description 

Secondary Upper Boundary: This field specifies the respective chroma bound- 
ary. 

Red or Y Upper Color Boundary: This field specifies the respective chroma 
boundary. 


Green or U Upper Color Boundary: This field specifies the respective chroma 
boundary. 


Blue or V Upper Color Boundary: This field specifies the respective chroma 
boundary. 
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9.40 BLTEXT_EX, BLTEXT_XEX Registers 


Size (bits) 32 
MMIO Offset 600h (BLTEXT_XEX) 
MMIO Offset 700h (BLTEXT_EX) 
Access Type Write only 

Bit Description 

31:29 Reserved 

28:16 Y Extent [12:0] 

15:12 Reserved 

11:0 X Extent [11:0] 


These registers define the BitBLT XY extents (the size of the destination pixel array). Each register 
can be accessed as a single 32-bit quality or two 16-bit quantities. Except for the difference in how 
they initiate the BitBLT operation, these two register addresses are the same. When 
BLTEXT_EX.pt.Y or BLTEXT_XEX.pt.X is written, a BitBLT operation is started. The value written 
can be read back from the BLTEXT register (0518h). 


Bit Description 

31:29 Reserved 

28:16 Y Extent [12:0]: This is the Y size (height) of the result rectangle in scanlines. 
15:12 Reserved 

11:0 X Extent [11:0]: This is the X size (width) of the result rectangle in pixels. This 


value is converted to bytes when it is written. When it is read back, it is in bytes 
(even though it was written in terms of pixels). 
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9.41 BLT EXTR_EX, BLTEXTR_XEX Registers 


Size (bits) 32 
MMIO Offset 608h (BLTEXTR_XEX) 
MMIO Offset 708h (BLTEXTR_EX) 
Access Type Read/Write 

Bit Description 

31:29 Reserved 

28:16 Y Extent [12:0] 

15:12 Reserved 

11:0 X Extent [11:0] 


These registers define the XY extents (the size of the destination pixel array) for the Resize-BitBLT 
operation. Each register can be accessed as a single 32-bit quality or two 16-bit quantities. Except 
for the difference in how they initiate the BitBLT operation, these two register addresses are the 
same. When BLTEXTR_EX.pt.Y or BLTEXTR_XEX.pt.X is written, a Resize-BitBLT operation is 
started. These extents specify the size of the result. 


Prior to starting a Resize BitBLT by writing one of these registers, write the DDA parameters. 
Shrink and stretch is controlled by LN_SHRINK, and interpolation is controlled by LN_INTER (see 
Section 9.13). 


Bit Description 

31:29 Reserved 

28:16 Y Extent [12:0]: This is the Y size (height) of the result rectangle in scanlines. 
15:12 Reserved 

11:0 X Extent [11:0]: This is the X size (width) of the result rectangle in pixels. This 


value is converted to bytes when it is written. When it is read back, it is in bytes 
(even though it was written in terms of pixels). 
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9.42 MBLTEXT_EX, MBLTEXT_XEX Registers 


Size (bits) 

MMIO Offset 
MMIO Offset 
Access Type 


Bit 
31:29 
28:16 
15:12 
11:0 


32 

620h (MBLTEXT_XEX) 
720h (MBLTEXT_EX) 
Read/Write 


Description 
Reserved 
Y_EXTENT [12:0] 
Reserved 
X_EXTENT [11:0] 


These registers define the X and Y extents (the size of the destination pixel array in bytes and 
scanlines) for M (Mbyte) BitBLT operations. Each register can be accessed as a single 32-bit qual- 
ity or two 16-bit quantities. Except for the difference in how they initiate the BitBLT operation, these 
two register addresses are the same. When MBLTEXT_EX.pt.Y or MBLTEXT_XEX.pt.X is written, 
an M BitBLT operation is started. The X extent is not byte converted. 


Bit 
31:29 
28:16 
15:12 
11:0 


Description 

Reserved 

Y_EXTENT [12:0]: This 13-bit field specifies the Y extent in scanlines. 
Reserved 


X_EXTENT [11:0]: This 12-bit field specifies the X extent in bytes. If monochrome 
data is part of the BitBLT, the software must set the MONOQW register with the 
number of monochrome qwords in the X direction. 
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9.43 MBLTEXTR_EX, MBLTEXTR_XEX Registers 


Size (bits) 

MMIO Offset 
MMIO Offset 
Access Type 


Bit 
31:29 
28:16 
15:12 
11:0 


32 

628h (MBLTEXTR_XEX) 
728h (MBLTEXTR_EX) 
Read/Write 


Description 
Reserved 
Y_EXTENT [12:0] 
Reserved 
X_EXTENT [11:0] 


These registers define the X and Y extents (the size of the destination pixel array) for M (Mbyte) 
Resize-BitBLT operations. Each register can be accessed as a single 32-bit quality or two 16-bit 
quantities. Except for the difference in how they initiate the BitBLT operation, these two register 
addresses are the same. When MBLTEXTR_EX.pt.Y or MBLTEXTR_XEX.pt.X is written, a 
Resize-BitBLT operation is started. The X extent is not byte converted. 


Bit 
31:29 
28:16 
15:12 
11:0 
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Description 

Reserved 

Y_EXTENT [12:0]: This 13-bit field specifies the Y extent in scanlines. 
Reserved 


X_EXTENT [11:0]: This 12-bit field specifies the X extent in bytes. This field is not 
byte converted by the hardware. 
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9.44 CLIPULE_EX Register 


Size (bits) 32 

MMIO Offset 760h 

Access Type Write only 
Bit Description 
31:16 UpperClippingBoundary [15:0] 
15:0 LeftClippingBoundary [15:0] 


This register contains the upper- and left-clipping boundaries. These values are expressed in 
scanlines and pixels. These clipping boundaries are inclusive; pixels at these boundaries are 
drawn. Pixels above the UpperClippingBoundary or to the left of the LeftClippingBoundary are not 
drawn. 


When this register is written, the BitBLT defined in BD_TYPE is executed. This register physically 
occupies CLIPULE, and is read back at 590h. 


Bit Description 

31:16 UpperClippingBoundary [15:0]: This value specifies the upper-clipping bound- 
ary, expressed in scanlines. Pixels above this boundary are not drawn if clipping is 
enabled. 

15:0 LeftClippingBoundary [15:0]: This field specifies the left-clipping boundary, 
expressed in pixels. Pixels to the left of this boundary are not drawn if clipping is 
enabled. 
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9.45 CLIPLOR_EX Register 


Size (bits) 32 

MMIO Offset 760h 

Access Type Write only 
Bit Description 
31:16 LowerClippingBoundary [15:0] 
15:0 RightClippingBoundary [15:0] 


This register contains the lower- and right-clipping boundaries. These values are expressed in 
scanlines and pixels. These clipping boundaries are exclusive; pixels at these boundaries are not 
drawn. Pixels below the LowerClippingBoundary or to the right of the RightClippingBoundary are 
not drawn. These boundaries take precedence over CLIPULE; if the two values for a dimension 
are the same, no pixels are drawn. 


When this register is written, the BitBLT defined in BD_TYPE is executed. This register physically 
occupies CLIPLOR, and is read back at 594h. 


Bit Description 
31:16 LowerClippingBoundary [15:0]: This value specifies the lower-clipping bound- 


ary, expressed in scanlines. Pixels at or below this boundary are not drawn if clip- 
ping is enabled. 

15:0 RightClippingBoundary [15:0]: This field specifies the right-clipping boundary, 
expressed in pixels. Pixels at or to the right of this boundary are not drawn if clip- 
ping is enabled. 
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9.46 MCLIPULE_EX Register 


Size (bits) 32 

MMIO Offset 780h 

Access Type Write only 
Bit Description 
31:16 UpperClippingBoundary [15:0] 
15:0 LeftClippingBoundary [15:0] 


This register contains the upper- and left-clipping boundaries for M(byte) clipped BitBLT opera- 
tions. These values are expressed in scanlines and bytes. These clipping boundaries are inclu- 
sive; pixels at these boundaries are drawn. Pixels above the UpperClippingBoundary or to the left 
of the LeftClippingBoundary are not drawn. This register physically occupies CLIPULE, and is 
read back at 590h. The left-clip boundary is not byte converted. 


When this register is written, the BitBLT defined in BD_TYPE is executed. This register physically 
occupies CLIPULE, and is read back at 598h. 


Bit Description 

31:16 UpperClippingBoundary [15:0]: This value specifies the upper-clipping bound- 
ary, expressed in scanlines. Pixels above this boundary are not drawn if clipping is 
enabled. 

15:0 LeftClippingBoundary [15:0]: This field specifies the left-clipping boundary, 
expressed in bytes. Pixels to the left of this boundary are not drawn if clipping is 
enabled. 
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9.47 MCLIPLOR_EX Register 


Size (bits) 32 

MMIO Offset 790h 

Access Type Write only 
Bit Description 
31:16 LowerClippingBoundary [15:0] 
15:0 RightClippingBoundary [15:0] 


This register contains the lower- and right-clipping boundaries for M(byte) clipped BitBLT opera- 
tions. These values are expressed in scanlines and bytes. These clipping boundaries are exclu- 
sive; pixels at these boundaries are not drawn. Pixels below the LowerClippingBoundary or to the 
right of the RightClippingBoundary are not drawn. These boundaries take precedence over 
CLIPULE; if the two values for a dimension are the same, no pixels are drawn. This register phys- 
ically occupies CLIPLOR and is read back at 594h. The right-clip boundary is not byte converted. 


When this register is written, the BitBLT defined in BD_TYPE is executed. This register physically 
occupies CLIPLOR, and is read back at 59Ch. 


Bit Description 
31:16 LowerClippingBoundary [15:0]: This value specifies the lower-clipping bound- 


ary, expressed in scanlines. Pixels at or below this boundary are not drawn if clip- 
ping is enabled. 

15:0 RightClippingBoundary [15:0]: This field specifies the right-clipping boundary, 
expressed in bytes. Pixels at or to the right of this boundary are not drawn if clipping 
is enabled. 
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9.48 HOST_DATA_PORT Register 


Size (bits) 32 
MMIO Offset 800h—FFCh 
Access Type Read/Write 
Bit Description 
31:0 HOST_DATA [31:0] 


During host-to-screen and screen-to-host BitBLTs, this group of addresses is used for write and 
read data. This single 32-bit port is aliased across 2 Kbytes of address space. Host address bits 
7:2 are ignored, allowing the use of MOVS instructions to transfer data in blocks. Access these 
ports as 32-bit quantities. 


This port should only be written when supplying source data from the host for a BitBLT operation. 
This port should only be read to receive result data directed to the host from a BitBLT operation. 


Bit Description 
31:0 HOST_DATA [31:0]: This port is written to send data to the 2D engine when the 


host is the source for a BitBLT. This port should be written only after the BitBLT is 
set up and started. 


This port is read to fetch data from the 2D engine when the host is the destination 
for a BitBLT. This port should be read only after the BitBLT is set up and started. 
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10. 3D GRAPHICS ACCELERATOR REGISTERS 


This register interface is used to program the CL-GD5465 as either a PIO (programmed 1/O) 
device (registers are written followed by commands), or to set up an Instruction Fetch (Display 
List) mode. In Instruction Fetch mode, the prefetch engine is programmed to point to a region of 
host system memory that contains a stream of commands (register loads, flow control, and draw- 
ing operations). The CL-GD5465 uses the PCI Bus-Mastering mode of operation to fetch the 
instruction stream for execution. 


Idle/Coprocessor mode 2D and 3D registers are written to program the device to perform indicated 2D and 
3D drawing operations. 
System memory-based packets are read by the CL-GD5465 to load its internal reg- 


isters and perform indicated 2D and 3D drawing operations. 


Instruction Fetch/ or 
Display List mode 


The 2D Graphics Accelerator register set resides at the top of a 4-Kbyte aperture of memory set 
by the BASE_ADDRESS_REGISTER_0O in the PCI configuration space. This aperture is 16 
Kbytes in length to provide for four different bi-endian data swapping modes. The 3D register set 
begins at the next 16 Kbytes above the 2D register set (for a total of 32 Kbytes) and is organized 
as shown in Table 10-1. 









































Table 10-1. CL-GD5465 Register Apertures 
MMIO 
Offset Contents Format 
Video Window and V-Port Register Set 

Boooh CL-GD5465 4-Kbyte register | Reserved 
aperture 

A000h CL-GD5465 4-Kbyte register | Bytes swapped within dword (byte 0 -> byte 3; byte 1 -> byte 2; 
aperture byte 2 -> byte 1; byte 3 -> byte 0) 

9000h CL-GD5465 4-Kbyte register | Bytes swapped within words 
aperture 

8000h CL-GD5465 4-Kbyte register | No swapping (offset used in descriptions) 
aperture 

D Register Set 

7000h CL-GD5464/'65 4-Kbyte regis- | Reserved 
ter aperture 

6000h CL-GD5464/'65 4-Kbyte regis- | Bytes swapped within dword (byte 0 -> byte 3; byte 1 -> byte 2; 
ter aperture byte 2 -> byte 1; byte 3 -> byte 0) 

5000h CL-GD5464/'65 4-Kbyte regis- | Bytes swapped within words 
ter aperture 

4000h CL-GD5464/'65 4-Kbyte regis- | No swapping (offset used in descriptions) 
ter aperture 
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Table 10-1. CL-GD5465 Register Apertures (cont.) 


3D GRAPHICS ACCELERATOR REGISTERS 























vi Contents 
2D Register Set 
3000h CL-GD546X 4-Kbyte aperture Reserved 
2000h CL-GD546X 4-Kbyte aperture Bytes swapped within dword (byte 0 -> byte 3; byte 1 -> byte 2; 
byte 2 -> byte 1; byte 3 -> byte 0) 
1000h CL-GD546X 4-Kbyte aperture Bytes swapped within words 
0000h CL-GD546X 4-Kbyte aperture No swapping (offset used in descriptions) 








10.1 3D Drawing Registers 


The 3D Drawing registers are listed in Table 10-2 in MMIO offset order. A detailed register descrip- 
tion is also provided in offset order. 


Table 10-2. 3D Drawing Registers 




































































Register Name Description a 

X 3D ie X value (X at base point) plus control 11.16 4000h 10-6 
Y 3D ee Y value (Y at base point) plus control 11.16 4004h 10-7 
R_3D Initial Red color component value 8.16 4008h 10-8 
G_3D Initial Green color component value 8.16 400Ch 10-9 
B 3D Initial Blue color component value 8.16 4010h 10-10 
DX_MAIN_3D° X_Main delta value 12.16 4014h 10-11 
Y_COUNT_ 3D Y Count2: Y Count1 concatenated x.11.x.11 4018h 10-12 
WIDTH1_3D Initial width for drawing Area of a polygon 11.16 401Ch 10-13 
WIDTH2_3D Initial width for drawing Area2 of a polygon 11.16 4020h 10-14 
DWIDTH1_3D Area1 width delta value $.12.16 4024h 10-15 
DWIDTH2_3D/ Area2 width delta value for polygons; s.12.16/ 4028h 10-16 
DY_MAIN_3D Y_Main delta value for lines 1.16 

DR_MAIN_3D R_Main delta value $.9.16 402Ch 10-17 
DG_MAIN_3D G_Main delta value s.9.16 4030h 10-18 
DB_MAIN_3D B_Main delta value s.9.16 4034h 10-19 
DR_ORTHO_3D R_Ortho delta value $.9.16 4038h 10-20 
DG_ORTHO_3D G_Ortho delta value s.9.16 403Ch 10-21 
DB_ORTHO_3D B_Ortho delta value $.9.16 4040h 10-22 
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Table 10-2. 3D Drawing Registers (cont.) 

Register Name Description pre 
Z_3D Initial Z value (depth at base point) 16.16 
DZ_MAIN_3D Z_Main delta value s.16.16 
DZ_ORTHO_3D Z_Ortho value s.16.16 
V_3D Initial V value (V at texture base point) s.10.16° 
U_3D Initial U value (U at texture base point) 

DV_MAIN_ 3D V_Main delta value 
DU_MAIN_3D U_Main delta value 
DV_ORTHO_3D V_Ortho delta value 
DU_ORTHO_3D U_Ortho delta value 
D2V_MAIN_3D V2_Main delta value 
D2U_MAIN_3D U2_Main delta value 





D2V_ORTHO_3D 


V2_Ortho delta value 





D2U_ORTHO_3D 


U2_Ortho delta value 





DV_ORTHO_ADD_3D 


V_Ortho_Add value 





DU_ORTHO_ADD_3D 


U_Ortho_Add value 

















A_3D Initial A value (alpha at base point) 
DA_MAIN_3D A_Main delta value plus constant A bits 
DA_ORTHO_3D A_Ortho delta value plus constant A bits 
R_SPEC_3D Initial red specular value 

G_SPEC_3D Initial green specular value 
B_SPEC_3D Initial blue specular value 





DR_SPEC_MAIN_3D 


R_Main specular delta value 





























DG_SPEC_MAIN_3D G_Main specular delta value s.9.16 40E0h 10-47 
DB_SPEC_MAIN_3D B_Main specular delta value s.9.16 40E4h 10-48 
DR_SPEC_ORTHO_3D R_Ortho specular delta value s.9.16 40E8h 10-49 
DG_SPEC_ORTHO_3D G_Ortho specular delta value s.9.16 40ECh 10-50 
DB_SPEC_ORTHO_ 3D B_Ortho specular delta value s.9.16 40FOh 10-51 
OPCODE_3D Opcode for execution/polygon engine 32 40FCh 10-52 











@ In the Format column, an ‘11.16’ value indicates the integer (value before the decimal) and fraction (value after the 
decimal) portion of the register, an ‘x’ indicates reserved, and an‘s’ indicates a sign bit that can be included in the 
integer value. Refer to Chapter 15, “83D Programmer’s Guide”, Section 15.2 for DDA engine and polygon drawings. 

b A‘D’ prefix indicates that the register value is used in a DDA engine at each step of the engine. 


© For CL-GD5464 Revision BD, V_3D and U_3D are sign extended. The formats are s.9.16. 
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ORIGIN 
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AREA1 
Y_COUNT1 
MAIN SLOPE 
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POINT 
COMMON HORIZONTAL SIDE AREA2 


Y_COUNT2 


Figure 10-1. General Terminology and Definitions for Triangles 
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10.1.1 X_3D Register 


Size (bits) 32 
MMIO Offset 4000h 
Access Type Read/Write and Display List 
Bit Description 
31 X Direction 
30 Left Edge Disable 
29 Right Edge Disable 
28:27 Reserved 
26:16 X_Int 
15:0 X_Frac 


This register specifies the X value of the initial pixel coordinate or base point for drawing points, 
lines, and polygons. This register also controls the direction of drawing from the main slope and 
controls drawing of the leftmost and rightmost pixels in a span. For polygons, the base point rep- 
resents the (upper) leftmost or rightmost pixel of the first soan, depending on the X Direction bit 
(bit 31). It is the first point drawn in a line or polygon. The reset state of the 3D parameter registers 


is undefined. 

Bit Description 

31 X Direction: This bit sets the direction of span drawing. If this bit is set to ‘1’, spans 
of a polygon are drawn in decreasing values of X from the main slope. If this bit is 
set to ‘0’, spans are drawn in increasing values of X. 

30 Left Edge Disable: If this bit is set to ‘1’, the leftmost (least X valued) pixel of each 
span in X is not drawn. If this bit is set to ‘0’, the leftmost pixel of each span is drawn. 
This bit only affects drawing of polygons. 

29 Right Edge Disable: If this bit is set to ‘1’, the rightmost (greatest X valued) pixel 
of each span in X is not drawn. If this bit is set to ‘0’, the rightmost pixel of each 
span is drawn. This bit only affects drawing of polygons. 

28:27 Reserved 

26:16 X_Int: These bits set the integer portion of X value at the base point. Integer is in 
the range of 0 to 2047. 

15:0 X_Frac: These bits set the fractional portion of X value at the base point. 
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10.1.2 Y_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31 

30 

29 
28:27 
26:16 
15:0 


32 
4004h 
Read/Write and Display List 


Description 
Reserved 

Top Edge Disable 
Bottom Edge Disable 
Reserved 

Y_Int 

Y_Frac 


This register specifies the Y value of the initial pixel coordinate or base point for drawing points or 
lines and drawing polygons. For polygons, the base point represents the (upper) leftmost or right- 
most pixel of the first soan, depending on the X Direction bit (X_3D[31]). It is the first point drawn 
in a line or polygon. The reset state of the 3D parameter registers is undefined. 


Bit 


31 


30 


29 


28:27 


26:16 


15:0 


Description 
Reserved 


Top Edge Disable: If this bit is set to ‘1’, the topmost (least Y valued) pixel of a line 
or polygon is not drawn. If this bit is set to ‘0’, the topmost pixel is drawn. 


Bottom Edge Disable: If this bit is set to ‘1’, the bottommost (greatest Y valued) 
pixel of a line or polygon is not drawn. If this bit is set to ‘0’, the bottommost pixel is 
drawn. 


Reserved 


Y_Int: These bits set the integer portion of Y value at the base point. Integer is in 
the range of 0 to 2047. 


Y_Frac: These bits set the fractional portion of Y value at the base point. 
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10.1.3 R_3D Register 


Size (bits) 32 
MMIO Offset 4008h 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 R_Int 
15:0 R_Frac 


This register specifies the red color or red lighting value at the base point. The R_Main accumu- 
lator represents a mapped color when in 8-bpp mode. The R_Main accumulator is used for lighting 
when the polygon engine is selected by the Light_Src_Sel field (CONTROLO_3D[26:25]). The 
reset state of the 3D parameter registers is undefined. 


Bit Description 
31:24 Reserved: These bits are always ‘0’. 
23:16 R_Int: These bits set the integer portion of red color value at the base point. Integer 


is in the range of 0 to 255. 


15:0 R_Frac: These bits set the fractional portion of red color value at the base point. 
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10.1.4 G_3D Register 


Size (bits) 32 
MMIO Offset 400Ch 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 G_Int 
15:0 G_Frac 


This register specifies the green color or green lighting value at the base point (not loaded when 
in 8-bpp mode). The G_Main accumulator is used for lighting when the polygon engine is selected 
by the Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers 


is undefined. 

Bit Description 

31:24 Reserved: These bits are always ‘0’. 

23:16 G_Int: These bits set the integer portion of green color value at the base point. Inte- 
ger is in the range of 0 to 255. 

15:0 G_Frac: These bits set the fractional portion of green color value at the base point. 
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10.1.5 B_3D Register 


Size (bits) 32 
MMIO Offset 4010h 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 B Int 
15:0 B Frac 


This register specifies the blue color or blue lighting value at the base point (not loaded when in 
8-bpp mode). The B_Main accumulator is used for lighting when polygon engine is selected by the 
Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:24 Reserved: These bits are always ‘0’. 

23:16 B_ Int: These bits set the integer portion of blue color value at the base point. Inte- 
ger is in the range of 0 to 255. 

15:0 B_ Frac: These bits set the fractional portion of blue color value at the base point. 
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10.1.6 DX_MAIN_3D Register 


Size (bits) 32 

MMIO Offset 4014h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DX_Int 
15:0 DX_Frac 


This register specifies the change in the X value along the main slope of a polygon or along the 
line. 


For X-major lines, this register should be loaded with a value of +1.0 or —1.0 (10000h or 
FFFFOOOOh), and the DWIDTH2_3D/DY_MAIN_3D register loaded with a value between 0.0 and 
1.0 (that is, between 00h and 10000h). 


For polygons, this register is the amount by which the X position start value for each span in X is 
adjusted on each step in Y. The reset state of the 3D parameter registers is undefined. 


Bit Description 

31:16 DX_Int: These bits set the signed integer portion of the X_Main delta value. Integer 
is in the range of —2048 to 2047 (12 bits). Bit 27 is extended to bit 31. 

15:0 DX_Frac: These bits set the fractional portion of the X_Main delta value. 
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10.1.7 Y_COUNT_3D Register 


Size (bits) 32 
MMIO Offset 4018h 
Access Type Read/Write and Display List 
Bit Description 
31:27 Reserved 
26:16 Y_ Count2 
15:11 Reserved 
10:0 Y_ Count1 


This register specifies the count in Y for the two possible areas of the polygon. The total height of 
the polygon is (Y_Count1 + 1 + Y_Count2). The reset state of the 3D parameter registers is unde- 


fined. 

Bit Description 

31:27 Reserved 

26:16 Y_COUNT2: This field specifies the number of steps in Y for the second portion 
(Area2) of a drawn polygon. If programmed to ‘0’, only Area1 is drawn. This field is 
programmed with a value in the range of 0 to 2047. 

15:11 Reserved 

10:0 Y_COUNT1: This field represents the number of steps in Y for the first portion 


(Area1) of a drawn polygon. The number of steps taken is one more than the value 
programmed. This field is programmed with a value in the range of 0 to 2047. 
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10.1.8 WIDTH1_3D Register 


Size (bits) 32 
MMIO Offset 401Ch 
Access Type Read/Write and Display List 
Bit Description 
31:27 Reserved 
26:16 Width1_Int 
15:0 Width1_ Frac 


This register specifies the width of the first span in X for the upper portion (Area1) of a polygon. It 
is the width of the polygon at the base point. The reset state of the 3D parameter registers is unde- 


fined. 

Bit Description 

31:27 Reserved 

26:16 Width1_Int: These bits set the integer portion of span width at the base point. 
Value is in the range of 0 to 2047. 

15:0 Width1_Frac: These bits set the fractional portion of soan width at the base point. 
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10.1.9 WIDTH2_3D Register 


Size (bits) 32 
MMIO Offset 4020h 
Access Type Read/Write and Display List 
Bit Description 
31:27 Reserved 
26:16 Width2_Int 
15:0 Width2_Frac 


This register specifies the width of the first span in X of the lower portion (Area2) of a polygon. It 
is the width of the polygon at the opposite point. The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:27 Reserved 

26:16 Width2_Int: These bits set the integer portion of span width value at the opposite 
point. Value is in the range of 0 to 2047. 

15:0 Width2_Frac: These bits set the fractional portion of span width value at the oppo- 
site point. 
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10.1.10 DWIDTH1_3D Register 


Size (bits) 32 

MMIO Offset 4024h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DWidth1_ Int 
15:0 DWidth1_ Frac 


This register specifies the change in width along the main slope for the first portion (Area1) of a 
polygon. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DWidth1_Int: These bits set the signed two’s complement integer portion of span 


width delta value for Area1. Value is in the range of —2048 to 2047 (12 bits). Soft- 
ware should treat this field as a full, 16-bit signed, two’s complement value for for- 
ward compatibility. Bit 27 is extended to bit 31. 


15:0 DWidth1_Frac: These bits set the fractional portion of span width delta value for 
Areal. 
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10.1.11 DWIDTH2_3D/DY_MAIN_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


32 
4028h 
Read/Write and Display List 


For Drawing Polygons 


Bit 
31:16 
15:0 


Description 
DWidth2_Int 
DWidth2_Frac 


For Drawing Lines 


Bit 
31:17 
16 
15:0 


Description 
Reserved 
DY_Main_Int 
DY _Main_Frac 


For polygons, this register specifies the change in width along the main slope for the second por- 
tion (Area2) of a polygon. 


For lines, this register specifies the change in Y value for each step in X along the line. For X-major 
lines, the value should be in the range of 0.0 to 1.0 (0 to 10000h) inclusive with + 1.0 programmed 
in the DX_MAIN_ 3D register. For Y major lines, this register should be programmed to 1.0 
(10000h), and a value in the range of 0.0 to + 1.0 programmed in the DX_MAIN_3D register. Lines 
(and polygons) are only drawn for increasing values of Y. The reset state of the 3D parameter reg- 
isters is undefined. 


For Drawing Polygons 


Bit 
31:16 


15:0 


Description 


DWidth2_Int: These bits set the two’s complement integer portion of span width 
delta value for Area2 of a polygon. Value is in the range of —2048 to 2047 (12 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement value for 
forward compatibility. Bit 27 is extended to bit 31. 


DWidth2_Frac: These bits set the fractional portion of span width delta value for 
Area2 of a polygon. 


For Drawing Lines 


Bit 
31:17 
16: 


15:0 


May 1997 


Description 
Reserved: Program these bits to ‘0’. 


DY_Main_Int: These bits set the integer portion of change in Y value for each unit 
step in X along the line. For X-major lines, this bit should be set ‘0’. If this bit is set 
to ‘1’, the fractional field, DY_Main_Frac, should be programmed to ‘0’. 


DY_Main_Frac: These bits set the fractional portion of change in Y value for each 
step in X along the line. For Y-major lines, these bits should be set to ‘0’. 
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10.1.12 DR_MAIN_3D Register 


Size (bits) 32 

MMIO Offset 402Ch 

Access Type Read/Write and Display List 
Bit Description 
31:16 DR_Main_Int 
15:0 DR_Main_Frac 


This register specifies the change in the red color or red lighting component along the main slope. 
This value is the amount by which the red component start value for each span in X is adjusted 
on each step in Y for the polygon. 


The value by which the red component changes for each span step in X is given by the 
DR_ORTHO_3D register value. 


The R_Main accumulator is used for lighting when the polygon engine is selected by the 
Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:16 DR_Main_Int: These bits set the signed two’s complement integer portion of the 
R_Main delta value. Value is in the range of —256 to 255 (9 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement value for forward compat- 
ibility. Bit 24 is extended to bit 31. 

15:0 DR_Main_Frac: These bits set the fractional portion of the R_Main delta value. 
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10.1.13 DG_MAIN_3D Register 


Size (bits) 32 

MMIO Offset 4030h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DG_Main_Int 
15:0 DG_Main_Frac 


This register specifies the change in the green color or green lighting component along the main 
slope. This value is the amount by which the green component start value for each span in X is 
adjusted on each step in Y for the polygon. 


The value by which the green component changes for each span step in X is given by the 
DG_ORTHO_3D register value. 


The G_Main accumulator is used for lighting when the polygon engine is selected by the 
Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:16 DG_Main_Int: These bits set the signed two’s complement integer portion of the 
G_Main delta value. Value is in the range of —255 to 255 (9 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement value for forward compat- 
ibility. Bit 24 is extended to bit 31. 

15:0 DG_Main_Frac: These bits set the fractional portion of the G_Main delta value. 
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10.1.14 DB _MAIN_3D Register 


Size (bits) 32 

MMIO Offset 4034h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DB_Main_Int 
15:0 DB_Main_Frac 


This register specifies the change in the blue color or blue lighting component along the main 
slope. This value is the amount by which the blue component start value for each span in X is 
adjusted on each step in Y for the polygon. 


The value by which the blue component changes for each span step in X is given by the 
DB _ORTHO_3D register value. 


The B_Main accumulator is used for lighting when the polygon engine is selected by the 
Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:16 DB_Main_Int: These bits set the signed two’s complement integer portion of the 
B_ Main delta value. Value is in the range of —256 to 255 (9 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement value for forward compat- 
ibility. Bit 24 is extended to bit 31. 

15:0 DB_Main_Frac: These bits set the fractional portion of the B_Main delta value. 
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10.1.15 DR _ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 4038h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DR_Ortho_Int 
15:0 DR_Ortho_ Frac 


This register specifies the change in the red color or red lighting component along a span in X (that 
is, the R_Ortho accumulator delta value). This value is the amount by which the red component is 
adjusted on each step along the X span for the polygon. 


The initial value for the span is determined by the R_3D register value and the accumulation of 
the DR_MAIN_3D register value for each step in Y. 


The R_Ortho accumulator is used for lighting when the polygon engine is selected by the 
Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 
Bit Description 
31:16 DR_Ortho_Int: These bits set the 9-bit signed two’s complement integer portion of 


R_Ortho delta value. These bits set the signed integer portion of R_Ortho delta 
value. Software should treat this field as a full, 16-bit signed, two’s complement 
value for forward compatibility. Value is in the range of —256 to 255 (9 bits). Bit 24 
is extended to bit 31. 


15:0 DR_Ortho_Frac: Fractional portion of R_Ortho delta value. These bits set the frac- 
tional portion of R_Ortho delta value. 
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10.1.16 DG_ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 403Ch 

Access Type Read/Write and Display List 
Bit Description 
31:16 DG_Ortho_Int 
15:0 DG_Ortho_Frac 


This register specifies the change in the green color or green lighting component along the span 
in X. This value is the amount by which the green component is adjusted on each step along the 
X span for the polygon. 


The initial value for the span is determined by the G_3D register value and the accumulation of 
the DG_MAIN_3D register value for each step in Y. 


The G_Ortho accumulator is used for lighting when the polygon engine is selected by the 
Light_Src_Sel field (CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:16 DG_Ortho_Int: These bits set the signed two’s complement integer portion of the 
G_Ortho value. Value is in the range of —256 to 255 (9 bits). Software should treat 
this field as a full, 16-bit signed, two’s complement value for forward compatibility. 
Bit 24 is extended to bit 31. 

15:0 DG_Ortho_Frac: These bits set the fractional portion of the G_Ortho delta value. 
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10.1.17 DB _ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 4040h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DB_Ortho_Int 
15:0 DB_ Ortho Frac 


This register specifies the change in the blue color or blue lighting component along a span in X. 
This value is the amount by which the blue component is adjusted on each step along the X span 
for the polygon. 


The initial value for the span is determined by the B_3D register value and the accumulation of the 
DB_MAIN_3D register value for each step in Y. 


The B_Ortho accumulator is used for lighting when the polygon engine is selected by the 
Light_Src_Sel field CONTROLO_3D[26:25]). The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:16 DB_Ortho_Int: These bits set the signed two’s complement integer portion of the 
B Ortho delta value. Value is in the range of —256 to 255 (9 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement value for forward compat- 
ibility. Bit 24 is extended to bit 31. 

15:0 DB_Ortho_Frac: These bits set the fractional portion of the B_Ortho delta value. 
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10.1.18 Z_3D Register 


Size (bits) 32 

MMIO Offset 4044h 

Access Type Read/Write and Display List 
Bit Description 
31:16 Z Int 
15:0 Z_ Frac 


This register specifies the Z value at the base point (not loaded when Z buffering is disabled). The 
reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 Z_Int: These bits set the 16-bit unsigned integer portion of the Z value at the base 


point. Value is in the range of 0 to 65535. When in 8-bit Z mode (Z_Stride_Control 
bit of CONTROLO_3D register is set to ‘1’), the values are in the same range, but 
only bits 31:24 are used to compare with and store into the Z buffer. 


15:0 Z_Frac: These bits set the fractional portion of the Z value at the base point. 
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10.1.19 DZ _MAIN_3D Register 


Size (bits) 32 

MMIO Offset 4048h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DZ Main_Int 
15:0 DZ Main_Frac 


This register specifies the change in Z along the main slope. This value is the amount by which 
the Z-start value for each span in X is adjusted on each step in Y for the polygon. 


The value by which the Z changes for each span step in X is given by the DZ_ORTHO_3D register 
value. The reset state of the 3D parameter registers is undefined. 


Bit Description 


31:16 DZ_Main_Int: These bits set the 16-bit signed two’s complement integer portion of 
the Z_Main delta value. Value is in the range of —32768 to 32767. Software should 
treat this field as a full, 16-bit signed, two’s complement value for forward compat- 
ibility. When in 8-bit Z mode (Z_Stride_Control bit of CONTROLO_3D register is set 
to ‘1’), the values are in the same range, but only bits 31:24 are used to compare 
with and store into the Z buffer. 


15:0 DZ_Main_Frac: These bits set the fractional portion of the Z_Main delta value. 
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10.1.20 DZ _ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 404Ch 

Access Type Read/Write and Display List 
Bit Description 
31:16 DZ_Ortho_Int 
15:0 DZ Ortho Frac 


This register specifies the change in Z along a span in X. This value is the amount by which Z is 
adjusted on each step along the X span for the polygon. 


The initial value for the span is determined by the Z_3D register value and the accumulation of the 
DZ _MAIN_S3D register value for each step in Y. The reset state of the 3D parameter registers is 


undefined. 

Bit Description 

31:16 DZ_Ortho_Int: These bits set the 16-bit signed two’s complement integer portion 
of the Z_ Ortho delta value. Value is in the range of —32768 to 32767. Software 
should treat this field as a full, 16-bit signed, two’s complement value for forward 
compatibility. When in 8-bit Z mode (Z_Stride_Control bit of CONTROLO_3D reg- 
ister is set to ‘1’), the values are in the same range, but only bits 31:24 are used to 
compare with and store into the Z buffer. 

15:0 DZ_Ortho_Frac: These bits set the fractional portion of the Z_Ortho delta value. 
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10.1.21 V_3D Register 


Size (bits) 32 
MMIO Offset 4050h 
Access Type Read/Write and Display List 
Bit Description 
31:25 Reserved 
24:16 V_Int 
15:0 V_Frac 


This register specifies the V value for the initial texture coordinate corresponding to the polygon 
base point. The initial texture coordinate is also called the texture base point. The reset state of 
the 3D parameter registers is undefined. 


Bit Description 
31:25 Reserved 
24:16 V_Int: These bits set the integer portion of the V value of texture base point. Value 


is in the range of 0 to 511. 


15:0 V_Frac: These bits set the fractional portion of the V value of texture base point. 


Revision AC Considerations 


Beginning with the Laguna 3DA Revision AC, this register is sign extended. The following descrip- 


tion applies. 

Bit Description 
31:16 V_Int 

15:0 V_Frac 


This register specifies the V value for the initial texture coordinate corresponding to the polygon 
base point. The initial texture coordinate is also called the texture base point. 


Bit Description 
31:16 V_Int: These bits set the integer portion of the V value of the texture base point. 


Valid values are in the range —511 to 512. Software should treat this field as a full, 
16-bit signed, two’s complement value for forward compatibility. Bit 25 is extended 
through bit 31 on reads. 


15:0 V_Frac: These bits set the fractional portion of the V value of texture base point. 
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10.1.22 U_3D Register 


Size (bits) 32 
MMIO Offset 4054h 
Access Type Read/Write and Display List 
Bit Description 
31:25 Reserved 
24:16 U_Int 
15:0 U_Frac 


This register specifies the U value for the initial texture coordinate corresponding to the polygon 
base point. The initial texture coordinate is also called the texture base point. The reset state of 
the 3D parameter registers is undefined. 


Bit Description 
31:25 Reserved 
24:16 U_Int: These bits set the integer portion of the U value of texture base point. Value 


is in the range of 0 to 511. 


15:0 U_Frac: These bits set the fractional portion of the U value of texture base point. 


Revision AC Considerations 


Beginning with the Laguna 3DA Revision AC, this register is sign extended. The following descrip- 


tion applies. 

Bit Description 
31:16 U_Int 

15:0 U_Frac 


This register specifies the U value for the initial texture coordinate corresponding to the polygon 
base point that is, the U_Main accumulator initial value. The initial texture coordinate is also called 
the texture base point. 


Bit Description 
31:16 U_Int: These bits set the integer portion of the U value of the texture base point. 


Valid values are in the range —511 to 512. Software should treat this field as a full, 
16-bit signed, two’s complement value for forward compatibility. Bit 25 is extended 
through bit 31 on reads. 


15:0 U_Frac: These bits set the fractional portion of the U value of texture base point. 
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10.1.23  DV_MAIN_3D Register 


Size (bits) 32 

MMIO Offset 4058h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DV_Main_Int 
15:0 DV_Main_Frac 


This register specifies the first-order change in the V value of the texture coordinate along the main 
slope. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DV_Main_Int: These bits set the signed two’s complement integer portion of the 


V_Main first-order delta value. Value is in the range of —512 to 511 (10 bits). Soft- 
ware should treat this field as a full, 16-bit signed, two’s complement value for for- 
ward compatibility. Bit 25 is extended to bit 31. 


15:0 DV_Main_Frac: These bits set the fraction portion of the V_Main first-order delta 
value. 
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10.1.24 DU_MAIN_3D Register 


Size (bits) 32 

MMIO Offset 405Ch 

Access Type Read/Write and Display List 
Bit Description 
31:16 DU_Main_Int 
15:0 DU_Main_Frac 


This register specifies the first-order change in the U value of the texture coordinate along the 
main slope. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DU_Main_Int: These bits set the signed integer portion of the U_Main first-order 


delta value. Value is in the range of —512 to 511 (10 bits). Bit 25 is extended to bit 
31. Software should treat this field as a full, 16-bit signed, two’s complement value 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 DU_Main_Frac: These bits set the fractional portion of the U_ Main first-order delta 
value. 
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10.1.25 DV_ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 4060h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DV_Ortho_Int 
15:0 DV_Ortho_Frac 


This register specifies the first-order change in the V value of the texture coordinate along a span 
in X. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DV_Ortho_Int: These bits set the signed integer portion of the V_Ortho value first- 


order delta. Value is in the range of —512 to 511 (10 bits). Bit 25 is extended to bit 
31. Software should treat this field as a full 16-bit signed two’s complement value 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 DV_Ortho_Frac: These bits set the fractional portion of the V_Ortho first-order 
delta value. 
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10.1.26 DU_ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 4064h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DU_Ortho_Int 
15:0 DU_Ortho_ Frac 


This register specifies the first-order change in the U value of the texture coordinate along a span 
in X. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DU_Ortho_Int: These bits set the signed integer portion of the U_ Ortho first-order 


delta value. Value is in the range of —512 to 511 (10 bits). Bit 25 is extended to bit 
31. Software should treat this field as a full 16-bit signed two’s complement value 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 DU_Ortho_Frac: These bits set the fractional portion of the U_Ortho first-order 
delta value. 
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10.1.27. D2V_MAIN_3D Register 


Size (bits) 32 
MMIO Offset 4068h 
Access Type Read/Write and Display List 


This register specifies the second-order change in the V value of the texture coordinate along the 
main slope. This value is only used for perspective-corrected texture maps. This register has two 
formats depending on the setting of UV_Precision (TX_CTLO_3D[23]). The reset state of the 3D 
parameter registers is undefined. 


If UV_Precision is ‘0’ (and on CL-GD5462/’64 devices), the following description applies. 


Bit Description 

31:16 D2V_Main_Int 

15:0 D2V_Main_Frac 

Bit Description 

31:16 D2V_Main_Int: These bits set the signed two’s complement integer portion of the 


V_Main second-order delta value. Value is in the range of —512 to 511 (10 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 D2V_Main_Frac: These bits set the fractional portion of the V_Main second-order 
delta value. 


If UV_Precision is ‘1’, the following description applies. 


Bit Description 

31:24 D2V_Main_Int 

23:0 D2V_Main_Frac 

Bit Description 

31:24 D2V_Main_Int: These bits set the signed two’s complement integer portion of the 
V_Main second-order delta value. Value is in the range of —128 to 127 (8 bits). 

23:0 D2V_Main_Frac: These bits set the fractional portion (24 bits) of the V_Main sec- 


ond-order delta value. 
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10.1.28 D2U_MAIN_3D Register 


Size (bits) 32 
MMIO Offset 406Ch 
Access Type Read/Write and Display List 


This register specifies the second-order change in the U value of the texture coordinate along the 
main slope. This value is only used for perspective-corrected texture maps. This register has two 
formats depending on the setting of UV_Precision (TX_CTLO_3D[23]). The reset state of the 3D 
parameter registers is undefined. 


If UV_Precision is ‘0’ (and CL-GD5462/’64 devices), the following description applies. 


Bit Description 

31:16 D2U_Main_Int 

15:0 D2U_Main_Frac 

Bit Description 

31:16 D2U_Main_Int: These bits set the signed two’s complement integer portion of the 


U_ Main second-order delta value. Value is in the range of —512 to 511 (10 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 D2U_Main_Frac: These bits set the fractional portion of the U_Main second-order 
delta value. 


If UV_Precision is ‘1’, the following description applies. 


Bit Description 

31:24 D2U_Main_Int 

23:0 D2U_Main_Frac 

Bit Description 

31:24 D2U_Main_Int: These bits set the signed two’s complement integer portion of the 
U_Main second-order delta value. Value is in the range of —128 to 127 (8 bits). 

23:0 D2U_Main_Frac: These bits set the fractional portion (24 bits) of the U_Main sec- 


ond-order delta value. 
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10.1.29 D2V_ORTHO_3D Register 


Size (bits) 32 
MMIO Offset 4070h 
Access Type Read/Write and Display List 


This register specifies the second-order change in the V value of the texture coordinate along a 
span in X. This value is only used for perspective-corrected texture maps. This register has two 
formats depending on the setting of UV_Precision (TX_CTLO_3D[23]). The reset state of the 3D 
parameter registers is undefined. 


If UV_Precision is ‘0’ (and on CL-GD5462/’64 devices), the following description applies. 


Bit Description 

31:16 D2V_Ortho_Int 

15:0 D2V_Ortho_Frac 

Bit Description 

31:16 D2V_Ortho_Int: These bits set the signed two’s complement integer portion of the 


V_Ortho second-order delta value. Value is in the range of —512 to 511 (10 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 D2V_Ortho_Frac: These bits set the fractional portion of the V_Ortho second- 
order delta value. 


If UV_Precision is ‘1’, the following description applies. 


Bit Description 

31:24 D2V_Ortho_Int 

23:0 D2V_Ortho_Frac 

Bit Description 

31:24 D2V_Ortho_Int: These bits set the signed two’s complement integer portion of the 
V_Ortho second-order delta value. Value is in the range of —128 to 127 (8 bits). 

23:0 D2V_Ortho_Frac: These bits set the fractional portion (24 bits) of the V_Ortho 


second-order delta value. 
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10.1.30 D2U_ORTHO_3D Register 


Size (bits) 32 
MMIO Offset 4074h 
Access Type Read/Write and Display List 


This register specifies the second-order change in the U value of the texture coordinate along a 
span in X. This value is only used for perspective-corrected texture maps. This register has two 
formats depending on the setting of UV_Precision (TX_CtLO_3D[23]). The reset state of the 3D 
parameter registers is undefined. 


If UV_Precision is ‘0’ (and on CL-GD5462/’64 devices), the following description applies. 


Bit Description 

31:16 D2U_Ortho_Int 

15:0 D2U_ Ortho Frac 

Bit Description 

31:16 D2U_Ortho_Int: These bits set the signed two’s complement integer portion of the 


U_Ortho second-order delta value. Value is in the range of —512 to 511 (10 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 25 is extended to bit 31. 


15:0 D2U_Ortho_Frac: These bits set the fractional portion of the U_Ortho second- 
order delta value. 


If UV_Precision is ‘1’, the following description applies. 


Bit Description 

31:24 D2U_Ortho_Int 

23:0 D2U_ Ortho Frac 

Bit Description 

31:24 D2U_Ortho_Int: These bits set the signed two’s complement integer portion of the 
U_Ortho second-order delta value. Value is in the range of —128 to 127 (8 bits). 

23:0 D2U_Ortho_ Frac: These bits set the fractional portion (24 bits) of the U_Ortho 


second-order delta value. 
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10.1.31 DV_ORTHO_ADD_ 3D Register 


Size (bits) 32 
MMIO Offset 4078h 
Access Type Read/Write and Display List 


This register specifies a value to be used as the change in the V value of the texture coordinate 
along a span in X. This value is only used for perspective-corrected texture maps. This register 
has two formats depending on the setting of UV_Precision (TX_CTLO_3D[23]). The reset state of 
the 3D parameter registers is undefined. 


lf UV_Precision is ‘0’ (and on devices prior to the CL-GD5465), the following description applies. 


Bit Description 

31:16 D2V_Ortho_Add_Int 

15:0 D2V_Ortho_Add_ Frac 

Bit Description 

31:16 D2V_Ortho_Add_Int: These bits set the signed two’s complement integer portion 


of the V_Ortho value. Value is in the range of —512 to 511 (10 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement number for forward com- 
patibility. Bit 25 is extended to bit 31. 


15:0 D2V_Ortho_Frac: These bits set the fractional portion of the V_Ortho second- 
order delta value. 


If UV_Precision is ‘1’, the following description applies. 


Bit Description 

31:24 D2V_Ortho_Add_Int 

23:0 D2V_Ortho_Add_ Frac 

Bit Description 

31:24 D2V_Ortho_Add_Int: These bits set the signed two’s complement integer portion 
of the V_Ortho value. Value is in the range of —128 to 127 (8 bits). 

23:0 D2V_Ortho_Add_Frac: These bits set the fractional portion (24 bits) of the 


V_Ortho second-order delta value. 
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10.1.32 DU_ORTHO_ADD_3D Register 


Size (bits) 32 
MMIO Offset 407Ch 
Access Type Read/Write 


This register specifies a value to be used as the change in the U value of the texture coordinate 
along a span in X. This value is only used for perspective-corrected texture maps. This register 
has two formats depending on the setting of UV_Precision (TX_CTLO_3D[23]). The reset state of 
the 3D parameter registers is undefined. 


If UV_Precision is ‘0’ (and on CL-GD5462/’64 devices), the following description applies. 


Bit Description 

31:16 D2U_Ortho_Add_Int 

15:0 D2U_ Ortho Add Frac 

Bit Description 

31:16 D2U_Ortho_Add_Int: These bits set the signed two’s complement integer portion 


of the U_Ortho value. Value is in the range of —512 to 511 (10 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement number for forward com- 
patibility. Bit 25 is extended to bit 31. 


15:0 D2U_Ortho_Add_Frac: These bits set the fractional portion of the U_Ortho sec- 
ond-order delta value. 


If UV_Precision is ‘1’, the following description applies. 


Bit Description 

31:24 D2U_ Ortho Add _Int 

23:0 D2U_ Ortho Add Frac 

Bit Description 

31:24 D2U_Ortho_Add_Int: These bits set the signed two’s complement integer portion 
of the U_Ortho value. Value is in the range of —128 to 127 (8 bits). 

23:0 D2U_Ortho_Add_ Frac: These bits set the fractional portion (24 bits) of the 


U_Ortho second-order delta value. 
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10.1.33  A_3D Register 


Size (bits) 32 
MMIO Offset 40C0h 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 A_Int 
15:8 A_Frac 
7:0 Reserved 


This register specifies the alpha value or lighting value at the base point. The reset state of the 3D 
parameter registers is undefined. 


Bit Description 

31:24 Reserved: Program these bits to ‘0’. 

23:16 A_Int: These bits set the 8-bit unsigned integer portion of alpha or lighting value at 
the base point. Value is in the range of 0 to 255. 

15:8 A_Frac: These bits set the fractional portion of alpha or lighting value at the base 
point. 

7:0 Reserved: Program these bits to ‘0’. 
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10.1.34 DA_MAIN_3D Register 


Size (bits) 32 
MMIO Offset 40C4h 
Access Type Read/Write and Display List 


Fixed Alpha Mode 


Bit Description 
31:25 Reserved 
24:16 A_Src_Const 
15:0 Reserved 


a:8:8:8 Mode or Interpolated Lighting 


Bit Description 
31:16 A_Main_Int 
15:8 A_Main_Frac 
7:0 Reserved 


When Fixed Alpha mode is selected, this register specifies the source alpha blend constant for the 
polygon. 


When in a:8:8:8 mode or when used for interpolated lighting, this register specifies the change in 
alpha and lighting value along the main slope. That is, the A_Main accumulator delta value. This 
value is the amount by which the alpha and lighting start value for each span in X is adjusted on 
each step in Y for the polygon. The value by which alpha and lighting changes for each span step 
in X is given by the DA_ORTHO_3D register value. The reset state of the 3D parameter registers 
is undefined. 
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10.1.34 DA_MAIN_3D Register (cont.) 


Fixed Alpha Mode 



































Bit Description 
31:25 Reserved: Program these bits to ‘0’. 
24:16 A_Src_Const: The percentage of the source pixel to be blended with the destina- 
tion pixel to determine the resultant pixel value. 
Bits 24:16 Combination percentage 
000000000 0 x source pixel (no contribution) 
000000001 1 + 256 x source pixel 
000000010 2 + 256 x source pixel 
000000011 3 + 256 x source pixel 
011111110 254 + 256 x source pixel 
011111111 255 + 256 x source pixel 
1XXXXXXXX 1 x source pixel 
15:0 Reserved: Program these bits to ‘0’. 


a:8:8:8 Mode or Interpolated Lighting 


Bit Description 
31:16 A_Main_Int: These bits set the signed two’s complement integer portion of the 


A_Main delta value. Value is in the range of —255 to 255 (9 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement number for forward com- 
patibility. Bit 24 is extended to bit 31. 


15:8 A_Main_Frac: These bits set the fractional portion of the A_Main delta value. 
7:0 Reserved: Program these bits to ‘0’. 
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10.1.35 DA_ORTHO_3D Register 


Size (bits) 32 
MMIO Offset 40C8h 
Access Type Read/Write and Display List 


Fixed Alpha Mode 


Bit Description 
31:25 Reserved 
24:16 A_Dest_Const 
15:0 Reserved 


a:8:8:8 Mode or Interpolated Lighting 


Bit Description 
31:16 A_Ortho_Int 
15:8 A_Ortho_Frac 
7:0 Reserved 


When Fixed Alpha mode is selected, this register specifies the destination aloha constant for the 
polygon. 


When in a:8:8:8 mode or interpolated lighting is used, this register specifies the change in alpha 
along a span in X. That is, the A_Ortho accumulator delta value. This value is the amount by which 
alpha is adjusted on each step along the X span for the polygon. The initial value for the span is 
determined by the A_3D register value and the accumulation of the DA_MAIN_3D register value 
for each step in Y. The reset state of the 3D parameter registers is undefined. 
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10.1.35 DA_ORTHO_3D Register (cont.) 


Fixed Alpha Mode 


Bit 
31:25 
24:16 


15:0 


Description 
Reserved: Program these bits to ‘0’. 


A_Dest_Const: The percentage of the destination pixel to be blended with the 
source pixel to determine the resultant pixel value. 


Bits 24:16 Combination percentage 


000000000 0 x destination pixel (no contribution) 





000000001 1 + 256 x destination pixel 
000000010 2 + 256 x destination pixel 
000000011 3 + 256 x destination pixel 














011111110 254 + 256 x destination pixel 
011111111 255 + 256 x destination pixel 








1XXXXXXXX 1 x destination pixel 














Reserved: Program these bits to ‘0’. 


a:8:8:8 Mode or Interpolated Lighting 


Bit 
31:16 


15:8 
7:0 


May 1997 


Description 


A_Ortho_Int: These bits set the signed two’s complement integer portion of the 
A_Main delta value. Value is in the range of —255 to 255 (9 bits). Software should 
treat this field as a full, 16-bit signed, two’s complement number for forward com- 
patibility. Bit 24 is extended to bit 31. 


A_Ortho_Frac: These bits set the fractional portion of the A_Main delta value. 


Reserved: Program these bits to ‘0’. 
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10.1.36 R_SPEC_3D Register 


Size (bits) 32 
MMIO Offset 40D0h 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 R_Spec_Int 
15:0 R_Spec_Frac 


This register specifies the red specular interpolator initial value at the base point. The 
DR_Spec_Main accumulator is used for adding a specular lighting component to the shaded value 
before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by program- 
ming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:24 Reserved: These bits are always ‘0’. 
23:16 R_Spec_Int: These bits set the integer portion of red specular color value at the 


base point. Integer is in the range of 0 to 255. 


15:0 R_Spec_ Frac: These bits set the fractional portion of red specular color value at 
the base point. 


Copyright 1997 — Cirrus Logic Inc. 10-43 May 1997 


3D GRAPHICS ACCELERATOR REGISTERS CL-GD5465 Technical Reference Manual 


10.1.37  G_SPEC_3D Register 


Size (bits) 32 
MMIO Offset 40D4h 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 G_Spec_Int 
15:0 G_Spec_Frac 


This register specifies the green specular interpolator initial value at the base point. The 
DG_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:24 Reserved: These bits are always ‘0’. 
23:16 G_Spec_Int: These bits set the integer portion of green specular color value at the 


base point. Integer is in the range of 0 to 255. 


15:0 R_Spec_ Frac: These bits set the fractional portion of green specular color value 
at the base point. 
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10.1.38 B_SPEC_ 3D Register 


Size (bits) 32 
MMIO Offset 40D8h 
Access Type Read/Write and Display List 
Bit Description 
31:24 Reserved 
23:16 B_ Spec_Int 
15:0 B Spec _Frac 


This register specifies the blue specular interpolator initial value at the base point. The 
DB_Spec_Main accumulator is used for adding a specular lighting component to the shaded value 
before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by program- 
ming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:24 Reserved: These bits are always ‘0’. 
23:16 B_ Spec_Int: These bits set the integer portion of blue specular color value at the 


base point. Integer is in the range of 0 to 255. 


15:0 B_ Spec Frac: These bits set the fractional portion of blue specular color value at 
the base point. 
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10.1.39 DR_SPEC_MAIN_3D Register 


Size (bits) 32 
MMIO Offset 40DCh 
Access Type Read/Write and Display List 


Bit Description 
31:16 DR_Spec_Main_Int 
15:0 DR_Spec_Main_Frac 


This register specifies the change in the red specular lighting component along the main slope. 
This value is the amount by which the red specular component start value at the beginning of each 
span in X is adjusted on each step in Y for the polygon. 


The value by which the red specular component changes for the each span step in X is given by 
the DR_SPEC_ORTHO_3D register value. 


The DR_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DR_Sec_Main_Int: These bits set the signed two’s complement integer portion of 


the DR_Spec_Main delta value. Integer is in the range of —256 to 255 (9 bits). Soft- 
ware should treat this field as a full, 16-bit signed, two’s complement number for 
forward compatibility. Bit 24 is extended through bit 31. 


15:0 DR_Spec_Main_Frac: These bits set the fractional portion of the DR_Spec_Main 
value. 
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10.1.40 DG_SPEC_MAIN_3D Register 


Size (bits) 32 

MMIO Offset 40E0h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DG_Spec_Main_Int 
15:0 DG_Spec_Main_Frac 


This register specifies the change in the green specular lighting component along the main slope. 
This value is the amount by which the green specular comprehend start value at the beginning of 
each span in X is adjusted on each step in Y for the polygon. 


The value by which the green specular component changes for the each span step in X is given 
by the DG_SPEC_ORTHO_3D register value. 


The DG_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DG_Spec_Main_Int: These bits set the signed two’s complement integer portion 


of the DG_Spec_Main delta value. Integer is in the range of —256 to 255 (9 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 24 is extended through bit 31. 


15:0 DG_Spec_Main_Frac: These bits set the fractional portion of the DG_Spec_Main 
value. 


Copyright 1997 — Cirrus Logic Inc. 10-47 May 1997 


3D GRAPHICS ACCELERATOR REGISTERS CL-GD5465 Technical Reference Manual 


10.1.41 DB SPEC _MAIN_3D Register 


Size (bits) 32 
MMIO Offset 40E4h 
Access Type Read/Write and Display List 


Bit Description 
31:16 DB_Spec_Main_Int 
15:0 DB_Spec_Main_Frac 


This register specifies the change in the blue specular lighting component along the main slope. 
This value is the amount by which the blue specular comprehend start value at the beginning of 
each span in X is adjusted on each step in Y for the polygon. 


The value by which the blue specular component changes for the each span step in X is given by 
the DB_SPEC_ORTHO_3D register value. 


The DB_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DB_Spec_Main_Int: These bits set the signed two’s complement integer portion 


of the DB_Spec_Main delta value. Integer is in the range of —256 to 255 (9 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 24 is extended through bit 31. 


15:0 DB_Spec_Main_Frac: These bits set the fractional portion of the DB_Spec_Main 
value. 
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10.1.42 DR_SPEC_ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 40E8h 

Access Type Read/Write and Display List 
Bit Description 
31:16 DR_Spec_Ortho_Int 
15:0 DR_Spec_Ortho_Frac 


This register specifies the change in the red specular lighting component along a span in X. This 
value is the amount by which the red specular component value is adjusted for each step in X. 


The value by which the red specular component changes for the each step in Y is given by the 
DR_SPEC_MAIN_3D register value. 


The DR_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 


31:16 DR_Spec_Ortho_Int: These bits set the signed two’s complement integer portion 
of the DR_Spec_Ortho delta value. Integer is in the range of —256 to 255 (9 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 24 is extended through bit 31. 


15:0 DR_Spec_Ortho_Frac: These bits set the fractional portion of the 
DR_Spec_Ortho value. 
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10.1.43 DG SPEC _ORTHO_3D Register 


Size (bits) 32 
MMIO Offset 40ECh 
Access Type Read/Write and Display List 


Bit Description 


31:16 DG_Spec_Ortho_Int 
15:0 DG_Spec_Ortho_Frac 


This register specifies the change in the green specular lighting component along a span in X. This 
value is the amount by which the green specular component value is adjusted for each step in X. 


The value by which the green specular component changes for the each step in Y is given by the 
DG_SPEC_MAIN_ 3D register value. 


The DG_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 


31:16 DG_Spec_Ortho_Int: These bits set the signed two’s complement integer portion 
of the DG_Spec_ Ortho delta value. Integer is in the range of —256 to 255 (9 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 24 is extended through bit 31. 


15:0 DG_Spec_Ortho_Frac: These bits set the fractional portion of the 
DG_Spec_Ortho value. 


May 1997 10-50 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 3D GRAPHICS ACCELERATOR REGISTERS 


10.1.44 DB_SPEC_ORTHO_3D Register 


Size (bits) 32 

MMIO Offset 40FOh 

Access Type Read/Write and Display List 
Bit Description 
31:16 DB_ Spec _Ortho_Int 
15:0 DB_ Spec _Ortho_Frac 


This register specifies the change in the blue specular lighting component along a span in X. This 
value is the amount by which the blue specular component value is adjusted for each step in X. 


The value by which the blue specular component changes for the each step in Y is given by the 
DB _SPEC_MAIN_3D register value. 


The DB_Spec_Main accumulator is used for adding a specular lighting component to the shaded 
value before the alpha-blending stage of the graphics pipeline. Specular lighting is enabled by pro- 
gramming bit 14 of the instruction to ‘1’. The reset state of the 3D parameter registers is undefined. 


Bit Description 
31:16 DB_Spec_Ortho_Int: These bits set the signed two’s complement integer portion 


of the DB_Spec_Ortho delta value. Integer is in the range of —256 to 255 (9 bits). 
Software should treat this field as a full, 16-bit signed, two’s complement number 
for forward compatibility. Bit 24 is extended through bit 31. 


15:0 DB_Spec_Ortho_Frac: These bits set the fractional portion of the 
DB_Spec_Ortho value. 
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10.1.45 OPCODE_3D Register 


Size (bits) 32 
MMIO Offset 40FCh 
Access Type Read/Write 
Bit Description 
31:0 Opcode 


This register specifies the opcode for the 3D execution engine. It is used in the coprocessor direct 
method of programming. The reset state of the 3D parameter registers is undefined. 


Bit Description 


31:0 Opcode: Only the following opcodes and associated parameters should be written 
to this register using the coprocessor direct method. 


DRAW_POINT 
DRAW_LINE 
DRAW_POLY 
WRITE_REGISTER 
NOP 

CLEAR 
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10.2 3D Engine Control Registers 


The 3D Engine Control registers are listed in Table 10-3 in MMIO offset order. A detailed register 
description is also provided in offset order. 


Table 10-3. 3D Engine Control Registers 







































































‘ ee MMIO 
Register Name Description Format Offset Page 
CONTROL. MASK 3D oases engine control mask Bits 4100h 10-54 
CONTROLO_3D 3D engine control 0 Bits 4104h 10-57 
COLOR_MIN BOUNDS 3D eae ane compare minima 8.24 4108h | 10-64 
COLGR MAC BOUNDS=3p"| 0: sorte” ane compel meant 8.24 410Ch | 10-67 
CONTROL1_3D 3D engine control 1 Bits 4110h 10-68 
BASE0O_ADDR_3D Base offset address 0 32 4114h 10-69 
BASE1_ADDR_3D Base offset address 1 32 4118h 10-71 
TX_CTLO_3D Texture control 0 32 4120h 10-72 
TX_XYBASE_3D Texture XY base address 32 4124h 10-80 
TX_CTL1_3D Texture control 1 32 4128h 10-81 
TX_CTL2_3D Texture control 2 32 412Ch 10-83 
Color O (used for patterned polygons or . 
COLOR_REGO_3D fixed alpha) x.24 4130h 10-88 
Color 1 (used for patterned polygons or 
COLOR_REG1_3D fixed lighting) x.24 4134h 10-89 
Z_COLLIDE_3D Z-collision detect x.16 4138h 10-90 
STATUSO_3D Status 0 32 413Ch 10-91 
PATTERN_RAM see Section 10.3 on page 10-96 4140h—415Ch 
Enables and X coordinates of clipping ? 
X_CLIP_3D rectangle for drawing 32 4160h 10-92 
Enables and Y coordinates of clipping ; 
Y_CLIP_3D rectangle for drawing 32 4164h 10-93 
TEX_SRAM_CTL_3D Texture SRAM control Bits 4168h 10-95 
REVISION_3D 3D engine revision 16 416Ch 10-95 
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10.2.1 CONTROL_MASK_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31 
30:29 
28:24 
23 
22:13 
12 
11:3 
2:1 

0 


32 

4100h 

Read/Write 
Description 
CONTROL_MASK_3D [81] 
Reserved 
CONTROL_MASK_3D [28:24] 
Reserved 
CONTROL_MASK_3D [22:13] 
Reserved 
CONTROL_MASK_3D [11:3] 
Reserved 


CONTROL_MASK_3D [0] 


This register contains bits that mask write accesses to various fields or single bits in the control 
registers used by the 3D engine. This mask field is most effective in (Processor mode) for setting 
a single bit or bit-field value using a mask rather than a read modify write sequence. The reset 
state of the 3D control registers is undefined. 


NOTE: 


Bit 
31 


30:29 
28 


27 
26 
25 


24 


23 
22 


May 1997 


The register field is write-protected (masked) if set to ‘1’, and writable if set to ‘0’. 


Description 


CONTROL_MASK_3D [81]: This bit controls bit 31 in the X_CLIP_3D and 
Y_CLIP_38D registers. 


Reserved 


CONTROL_MASK_3D [28]: This bit controls bits 30:28 in the CONTROLO_3D 
register, and bits 31:28 in the TX_CTLO_3D register. 


CONTROL_MASK_3D [27]: This bit controls bit 27 in the TX_CTL1_ 3D register. 
CONTROL_MASK_3D [26]: This bit controls bit 26 in the TX_CTL1_ 3D register. 


CONTROL_MASK_3D [25]: This bit controls bits 26:25 in the CONTROLO_3D 
register, and bit 25 in the TX_CTL1_ 3D register. 


CONTROL_MASK_3D [24]: This bit controls the following bits in the respective 
registers: 

Bit 24 in the CONTROLO_3D register; 

bits 31:24 in the COLOR_MIN_BOUNDS_3D register; 

bits 31:24 in the COLOR_MAX_BOUNDS_ 3D register; 

bits 31:24 in the CONTROL1_3D register; 

bits 27:24 in the BASEO_ADDR_3D register; 

bits 25:24 in the TX_CTLO_3D register; and 

bit 24 in the TX_CTL1_ 3D register. 


Reserved 
CONTROL_MASK_3D [22]: This bit controls bit 22 in the TX_CTLO_3D register. 
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10.2.1. CONTROL_MASK_3D Register (cont) 


Bit 
21 
20 


19:17 


16 


15 


14 


13 


12 
11 


10:9 


Description 
CONTROL_MASK_3D [21]: This bit controls bit 21 in the TX_CTLO_3D register. 


CONTROL_MASK_3D [20]: This bit controls bits 23:20 in the CONTROLO_ 3D 
register and bit 20 in the TX_CTLO_3D register. 


CONTROL_MASK_3D [19:17]: These bits control bits 19:17 in the TX_CTLO_3D 
register. When bit 17 is ‘0’, writes to the frame scaling bit remain enabled. When bit 
19 is ‘0’, writes to the host texture mapping bit remain enabled. 


CONTROL_MASK_3D [16]: This bit controls the following bits in the respective 
registers: 

Bit 16 in the CONTROLO_3D register; 

bits 19:16 in the BASEO_ADDR_3D register; 

bits 28:21 in the BASE1_ADDR_3D register; 

bit 16 in the TX_CTLO_3D register; 

bits 28:20 in the TX_XYBASE_3D register; 

bits 26:16 in the X_CLIP_3D register; and 

bits 26:16 in the Y_CLIP_3D register. 


CONTROL_MASK_3D [15]: This bit controls the following bits in the respective 
registers: 

Bit 15 in the CONTROLO_3D register; 

bit 15 in the BASEO_ADDR_3D register; 

bit 15 in the X_CLIP_3D register; and 

bit 15 in the Y_CLIP_3D register. 


CONTROL_MASK_3D [14]: This bit controls bit 14 in the BASEO_ADDR_3D reg- 
ister. 


CONTROL_MASK_3D [193]: This bit controls bits 14:13 in the CONTROLO_3D 
register and bit 13 in the BASEO_ADDR_3D register. 


Reserved 


CONTROL_MASK_3D [11]: This bit controls bits 12:11 in the CONTROLO_3D 
register. 


CONTROL_MASK_3D [10:9]: This bit controls bits 10:9 in the CONTROLO_3D 
register. 


CONTROL_MASK_3D [8]: This bit controls bit 8 in the CONTROLO_3D register 
and bits 10:8 in the TX_CTLO_3D register. 


CONTROL_MASK_3D [7]: This bit controls bit 7 in the CONTROLO_3D register 
and bit 7 in the TX_CTLO_3D register. 


CONTROL_MASK_3D [6]: This bit controls bit 6 in the CONTROLO_ 3D register. 
CONTROL_MASK_3D [5]: This bit controls bit 5 in the CONTROLO_ 3D register. 
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10.2.1. CONTROL_MASK_3D Register (cont) 


Bit 
4 


2:1 
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Description 


CONTROL_MASK_3D [4]: This bit controls the following bits in the respective reg- 
isters: 

Bit 4 in the CONTROLO_3D register; 

bits 6:4 in the TX_CTLO_3D register; and 

bits 6:4 in the TEX_SRAM_CTL_3D register. 


CONTROL_MASK_3D [3]: This bit controls bit 5 in the TX_CTLO_3D register. 
Reserved 


CONTROL_MASK_3D [0]: This bit controls the following bits in the respective reg- 
isters: 

Bits 2:0 in the CONTROLO_3D register; 

bits 23:0 in the COLOR_MIN_BOUNDS_ 3D register; 
bits 23:0 in the COLOR_MAX_BOUNDS_3)D register 
bits 7:0 in the CONTROL1_3D register 

bits 12:6 in the BASEO_ADDR_3D register; 

bits 12:5 in the BASE1_ADDR_3D register; 

bits 2:0 in the TX_CTLO_3D register; 

bits 12:5 in the TX_XYBASE_3D register; 

bits 23:0 in the TX_CTL1_3D register; 

bits 23:0 in the TX_CTL2_3D register; 

bits 23:0 in the COLOR_REGO_3D register; 

bits 23:0 in the COLOR_REG1_3D register; 

bits 15:0 in the Z_COLLIDE_3D register; 

bits 10:0 in the X_CLIP_3D register; and 

bits 10:0 in the Y_CLIP_3D register. 
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10.2.2 CONTROLO_3D Register 

Size (bits) 32 

MMIO Offset 4104h 

Access Type Read/Write 
Bit Description Mask 
31 Reserved 
30:28 Z Mode CONTROL_MASK_3D [28] 
27 Reserved 
26:25 Light_Src_Sel CONTROL_MASK_3D [25] 
24 Z_Collision_Detect_En CONTROL_MASK_3D [24] 
23:20 Z_Compare_Mode CONTROL_MASK_3D [20] 
19:18 Reserved 
17 En_Frame_Scaling CONTROL_MASK_3D [17] 
16 Z_ Stride Control CONTROL_MASK_3D [16] 
15 Alpha_Blending_En CONTROL_MASK_3D [15] 
14:13 Alpha_Dest_Color_Select CONTROL_MASK_3D [13] 
12:11 Alpha_Mode CONTROL_MASK_3D [11] 
10 Color _Compare_Mode CONTROL_MASK_3D [10] 
9 Blue_Color_Compare_En CONTROL_MASK_3D [9] 
8 Green_Color_Compare_En CONTROL_MASK_3D [8] 
7 Red_Color_Compare_En CONTROL_MASK_3D [7] 
6 Color Saturate_En CONTROL_MASK_3D [6] 
5 Pixel_Mask_Polarity CONTROL_MASK_3D [5] 
4 Pixel Mask_En CONTROL_MASK_3D [4] 
3 Reserved 
2:0 Pixel_ Mode CONTROL_MASK_3D [0] 


This register specifies some fundamental operating parameters of the 3D engine. All bits can be 
protected from write accesses by programming the corresponding bits of CONTROL_MASK_3D 
register to ‘1’. This allows individual bits or fields to be altered without read-modify-write opera- 
tions. Note that control registers and bit fields should not be programmed while the drawing engine 
is busy. The reset state of the 3D control registers is undefined. 


Bit Description 
31 Reserved: Always set this bit to ‘0’. 


Copyright 1997 — Cirrus Logic Inc. 10-57 May 1997 


3D GRAPHICS ACCELERATOR REGISTERS CL-GD5465 Technical Reference Manual 



































10.2.2  CONTROLO_3D Register (cont.) 
Bit Description 
30:28 Z_Mode: Controls the Z and color update method during drawing. 
: Color 
anon Z Format tia Update Description 
° Method 
111-101 Reserved Reserved 
100 Z_Hit No update No update | Sets Z collision flag and records Z 
hit destination. Uses Z mask field in 
CONTROL1_3D to select precision 
of collision compare. 
011 Z_Only |Z Compare Mode} Noupdate |Z depth buffer update based on 
Z_Compare_Mode field of 
CONTROLQO_3D register. Color not 
written to frame buffer. 
010 Z_Always Always Always Z depth always written, color always 
written to frame buffer regardless of 
Z compare result. 
001 Z_Mask No update Z_Compare_ |Z depth read for compare, but not 
Mode written. Color is written based on 
Z_Compare_Mode field of 
CONTROLO_3D register. 
000 Z_ Normal |Z Compare_Mode} Z_Compare_ | Normal operating mode. 
Mode Z_Compare_Mode field of 
CONTROLO_3D register deter- 
mines Z and color buffer update pol- 
icy. 
Writes to this field are masked by CONTROL_MASK_3D[28]. 
27 Reserved: Always set this bit to ‘0’. 
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CONTROLO_3D Register (cont.) 


Bit 
26:25 


24 


23:20 


19:18 
17 


Description 


Light_Src_Sel: Selects the lighting source multiplier input, LIGHT _RGB, to the 
lighting stage. 











Bits 26:25 | Source 
11 LIGHT_SRC_TEX; selects texture data, RGB 
10 COLOR_REG1_3D 
01 Alpha interpolator (A_Main and A_Ortho accumulators) 
00 Polygon engine (with shading, patterning, stipple, or dithering) 

















Writes to this field are masked by CONTROL_MASK_3D[25]. 


The lighting stage performs the following function when enabled by the Lighting 
Instruction Modifier bit (bit 18 of the instruction): 
LIT_RGB =SOURCE_RGB x LIGHT_RGB 


Z_Collision_Detect_En: This bit allows setting a flag based on Z compare. When 
this bit is set to ‘1’, it enables the Z collision detection logic. When this bit is set to 
‘0’, it disables the Z collision detection logic. Writes to this field are masked by 
CONTROL_MASK_3D[24]. 


Z_Compare_Mode: These bits control the Z compare function. 























Bits 23:20 Function 

1111-0110 Reserved 
0101 Compare is true if new value == old 
0100 Compare is true if new value != old 
0011 Compare is true if new value < old 
0010 Compare is true if new value < old 
0001 Compare is true if new value > old 
0000 Compare is true if new value > old 














Writes to this field are masked by CONTROL_MASK_3D[20]. 
Reserved: Program to ‘0’. 


En_Frame-Scaling: When this bit is ‘1’, frame scaling is enabled and the output of 
the pixel pipe is the destination color of the alpha blender scaled with the lighting 
source. This output is then passed to the dither logic. In this mode, alpha blending 
is disabled. the Fetch_Color Instruction Modifier bit (bit 23 of the instruction) must 
be enabled if the alpha destination color source is from the frame buffer. Writes to 
this bit are masked by CONTROL_MASK_3D[17]. 
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10.2.2  CONTROLO_3D Register (cont.) 


Bit 
16 


15 


14:13 


May 1997 


Description 


Z_Stride_Control: This bit controls the Z-buffer precision. If this bit is set to ‘1’, 8- 
bit depth values are stored and compared to the Z interpolators. This allows 256 
levels of overlay in z:8:8:8 modes. If this bit is set to ‘0’, 16-bit depth values are 
stored and compared to the Z interpolators. Writes to this field are masked by 
CONTROL_MASK_3D[16]. 


Alpha_Blending_En: If this bit is set to ‘1’, alpha blending is enabled. If this bit is 
set to ‘0’, alpha blending is disabled. Writes to this field are masked by 
CONTROL_MASK_3D[15]. 


Alpha_Dest_Color_Select: These bits select the DEST_RGB input to the alpha 








stage. 
Bits 14:13 Input 
11 Selects the alpha interpolator as the input to the alpha stage 
ALPHA_DEST_ALPHA uses interpolated values as colors RGB. 
10 Polygon engine (with shading, patterning, stipple, or dither applied as selected) 
01 COLOR_REGO_3D 
00 Destination data (existing frame buffer data) (when the Fetch_Color Instruction 











Modifier bit (bit 23) is set) 








Writes to this field are masked by CONTROL_MASK_3D[13] 
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10.2.2 CONTROLO_3D Register (cont.) 


Bit Description 


12:11 Alpha_Mode: These bits select the Alpha Blending mode when enabled by the 
Alpha_Blending_En bit (bit 15 of this register). Alpha_Mode selects the 
SRC_ALPHA and DEST_ALPHA inputs to the alpha blending stage. 


Bits 12:11 Mode 


SRC_ALPHA input is alpha read from the color buffer; DEST _ALPHA input is 


u 256 minus alpha read from the color buffer 





SRC_ALPHA input is from the alpha interpolator; DEST_ALPHA input is 256 


S minus the alpha interpolator 





ALPHA_BLEND_TEXTURE: In this mode, the alpha component of the texture 
01 can be used as a lighting source or the alpha multiplier. The new texel modes 
are set by writing to TX_CTLO_3D[11:8]. To use alpha texture for lighting, the 
light source in CONTROLO_3D must be programmed to LIGHT _SRC_TEX. 





SRC_ALPHA input is A_Src_Const from DA_MAIN_3D register; 


00 DEST ALPHA input is A_Dest_Const from DA_ORTHO_ 3D register. 

















Writes to this field are masked by CONTROL_MASK_3Df[1 1]. 


The alpha blending stage performs the following function: 
RGB_OUT = (SRC_ALPHA x LIT_ RGB) + (DEST_ALPHA x DEST_RGB) 


NOTES: 
1) The alpha interpolator can be used for lighting or for alpha, but not for both. 


2) For Alpha_Mode is ‘00’ and SRC_ALPHA is ‘100h’, the RGB_OUT output of the alpha 
stage is the value of the LIT_RGB input. 


3) For Alpha_Mode is ‘00’ and DEST_ALPHA is ‘100h’, the RGB_OUT output is the value 
of the DEST_RGB input. 


10 Color_Compare_Mode: This bit controls the Destination Color Compare mode. If 
this bit is set to ‘1’, the mask is inclusive to bounds. If this bit is set to ‘0’, the mask 
is exclusive of bounds. Writes to this field are masked by 
CONTROL_MASK_3D[10]. 


9 Blue_Color_Compare_En: This bit controls the enable for the destination color 
compare of the blue color component. If this bit is set to ‘1’, it enables compares to 
bounds. If this bit is set to ‘0’, it disables compare to bounds. Writes to this field are 
masked by CONTROL_MASK_3D[9]. 


8 Green_Color_Compare_En: This bit controls the enable for the destination color 
compare of the green color component. If this bit is set to ‘1’, it enables compare to 
bounds. If this bit is set to ‘0’, it disables compare to bounds. Writes to this field are 
masked by CONTROL_MASK_3DJ[8]. 
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10.2.2  CONTROLO_3D Register (cont.) 


Bit 


May 1997 


Description 


Red_Color_Compare_En: This bit controls the enable for the destination color 
compare of the red color component. If this bit is set to ‘1’, it enables compare to 
bounds. If this bit is set to ‘0’, it disables compare to bounds. Writes to this field are 
masked by CONTROL_MASK_3D[7]. 


Color_Saturate_En: This bit enables the saturate to color MAX and MIN bounds 
for 8-bpp Mapped mode. If this bit is set to ‘1’, it enables color saturate to bounds. 
If this bit is set to ‘0’, it disables color saturate to bounds. Writes to this field are 
masked by CONTROL_MASK_3DJ[6]. 


Pixel_Mask_Polarity: This bit only has an effect when enabled by the 
Pixel_Mask_Enable bit (bit 4 of this register) and when the Fetch_Color Instruction 
Modifier bit (bit 23 of the instruction) is set and in Pixel modes of a:5:5:5 or a:8:8:8. 
That is, modes which include a bit mask in the pixel. The mask bit for these two 
modes is either bit 31 in a:8:8:8 mode, or bit 15 in a:5:5:5 mode. If the 
Pixel_ Mask_Polarity bit does not equal the mask bit in the destination data, the 
pixel does not write to the frame buffer (that is, masked). If these bits are equal, the 
frame buffer can be updated. 


That is, If this bit is ‘1’, the frame buffer pixels with a mask bit of ‘0’ are preserved. 

Pixels with a mask bit of ‘1’ can be overwritten. If this bit is ‘0’ the frame buffer pixels 

with a mask bit of ‘1’ are preserved. Pixels with a mask bit of ‘0’ can be overwritten. 
Writes to this bit are controlled by the CONTROL_MASK_3DJ[5]. 


Pixel_Mask_En: This bit enables operations that use the mask bit of a pixel in the 
frame buffer. Only applicable for Pixel modes that have a mask bit in the pixel. That 
is, bit in a:8:8:8 mode or a:5:5:5 mode. The destination pixel masking operation 
depends on the Pixel_Mask_Polarity bit (bit 5 above). 

If this bit is ‘1’, it enables pixel masking when the Fetch_Color Instruction Modifier 
bit is set. If this bit is ‘0’, it disables pixel masking. The frame buffer data can be 
overwritten by the 3D engine. 


Writes to this bit are controlled by CONTROL_MASK_3D[4]. 
Reserved: Set this bit to ‘0’. 
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10.2.2 ©CONTROLO_3D Register (cont.) 
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Bit Description 
2:0 Pixel_Mode: This it sets the Color Frame Buffer Drawing mode. 
Bits Pixel Data 
0 Size (bits) Format Description 
000 8 Mapped 8-bpp mapped (uses red interpolater) 
001 8 3:3:2 8-bpp RGB (3:3:2) 
010 16 5:6:5 16-bpp RGB (5:6:5) 
011 16 a:5:5:5 16-bpp RGB (5:5:5); bit 15 can be used as a mask 
100 32 a:8:8:8 24-bpp RGB (8:8:8) with upper 8 bits unused; bit 31 can 
be used as a mask 
101 32 2:8:8:8 24-bpp RGB (8:8:8) with 8-bpp Z 
110 Reserved 
111 Reserved 




















Writes to this field are controlled by CONTROL_MASK_3D[0]. 
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10.2.3 COLOR_MIN_BOUNDS_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:16 
15:8 
7:0 


32 

4108h 

Read/Write 
Description Mask 
Color Saturate_Min CONTROL_MASK_3D[24] 
Color_Compare_Min (Red) CONTROL_MASK_3D[0] 
Color_Compare_Min (Green) CONTROL_MASK_3D[0] 
Color_Compare_Min (Blue) CONTROL_MASK_3D[0] 


This register specifies the minimum bounds for the color saturate and color compare functions. 
The reset state of the 3D control registers is undefined. 


Bit 
31:24 


23:16 


May 1997 


Description 


Color_Saturate_Min (8-bpp modes only): These bits control the minimum bound 
value used in color saturate for 8-bpp modes only. See also the enable bit, 
Color_Saturate_En bit (CONTROLO_3DjJ6)). 


Writes to this field are controlled by the CONTROL_MASK_3D[24]. 


Color_Compare_Min (Red Component): Since color compares operate at a full 
8-bits per component, some bits from the 5- and 3-bit red components must be rep- 
licated in this field. Table 10-4 gives the method for this replication. 


Table 10-4. Red Component Color Compare Mapping 


Color Compare Value (Red Component) 

















Pixel_Mode 
23:21 20:19 18 17:16 
24-bpp, a:8:8:8 mode Bits 23:16 of 32-bit pixel 
16-bpp, 5:6:5 mode Bits 15:11 of 16-bit pixel Bits 15:13 of 16-bit pixel 
16-bpp, a:5:5:5 mode Bits 14:10 of 16-bit pixel Bits 14:12 of 16-bit pixel 
8-bpp, 3:3:2 mode Bara Bits 7:5 of 8-bit pixel Bits ee 8-bit 














8-bpp mapped Bits 7:0 of 8-bit pixel 














In 24-bpp modes, the 8-bit red component compare value is written to this field. In 
a:5:5:5 and 5:6:5 16-bpp modes, the 5-bit red component compare value should 
be placed in bits 23:19, then duplicated in the next three bits. In 8-bpp mode, the 
upper three bits of the 3:3:2 pixel (the red component) are duplicated through the 
8-bit component of this register. This imitates the color unpacking logic. 


Writes to this field are controlled by the CONTROL_MASK_3D[0]. 
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10.2.3 COLOR_MIN_BOUNDS 3D Register (cont.) 


Bit Description 


15:8 Color_Compare_Min (Green Component): Since color compares operate at a 
full 8-bits per component, some bits from the 6-, 5- and 3-bit green components 
must be replicated in this field. Table 10-5 gives the method for this replication. 


Table 10-5. Green Component Color Compare Mapping 


Color Compare Value (Green Component) 
Pixel_ Mode 


15:13 12:11 10 9:8 


24-bpp, a:8:8:8 mode Bits 15:8 of 32-bit pixel 


























16-bpp, 5:6:5 mode ; . tts Bits 10:9 of 
Bits 10:5 of 16-bit pixel 16-bit pixel 
16-bpp, a:5:5:5 mode Bits 9:5 of 16-bit pixel Bits 9:7 of 16-bit pixel 
8-bpp, 3:3:2 mode Bits 4:2 ere eet Bits 4:3 
of 8-bit pixel Bea oven eee! of 8-bit pixel 
8-bpp mapped Must be disabled 








In 24-bpp modes, the 8-bit green component compare value is written to this field. 
In a:5:5:5 (or 5:6:5) 16-bpp modes, the 5-bit (or 6) green component compare value 
should be placed in the upper five (or 6) bits, then duplicated in the lower three (or 
2) bits. In 8-bpp mode, the middle three bits or the 3:3:2 pixel (the green compo- 
nent) are duplicated through the 8-bit component of this register. This imitates the 
color unpacking logic. 


Writes to this field are controlled by the CONTROL_MASK_3D[0]. 
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10.2.3 COLOR _MIN BOUNDS 3D Register (cont.) 


Bit 
7:0 
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Description 


Color_Compare_Min (Blue Component): Since color compares operate at a full 
8-bits per component, some bits from the 5- and 2-bit blue components must be 
replicated in this field. Table 10-6 gives the method for this replication. 


Table 10-6. Blue Component Color Compare Mapping 






Color Compare Value (Blue Component) 










Pixel_Mode 





24-bpp, a:8:8:8 mode Bits 7:0 of 32-bit pixel 





16-bpp, 5:5:5 and 5:6:5 








fanciee Bits 4:0 of 16-bit pixel Bits 4:2 of 16-bit pixel 
a: Bits 1:0 of Bits 1:0 of ; ; fats Bits 1:0 of 
8-bpp, 3:3:2 mode B-bit pixel | 8-bit pixel Bits 1:0 of 8 bit pixel 8-bit pixel 











8-bpp mapped Must be disabled 














In 24-bpp modes, the 8-bit blue component compare value is written to this field. In 
a:5:5:5 and 5:6:5 16-bpp modes, the 5-bit blue component compare value should 
be placed in the upper five bits of this field, and the then duplicated in the lower 
three bits. In 8-bpp mode, the lower two bits of the 3:3:2 pixel (the blue component) 
are duplicated through the 8-bit component of this register. This imitates the color 
unpacking logic. 

Writes to this field are controlled by CONTROL_MASK_3DV(0]. 
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10.2.4 


3D GRAPHICS ACCELERATOR REGISTERS 


COLOR_MAX_BOUNDS_ 3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:16 
15:8 
7:0 


32 

410Ch 

Read/Write 
Description Mask 
Color_Saturate_Max CONTROL_MASK_3D[24] 
Color _Compare_Max (Red) CONTROL_MASK_3D[0] 
Color_Compare_Max (Green) CONTROL_MASK_3D[0] 
Color_Compare_Max (Blue) CONTROL_MASK_3D[0] 


This register specifies the maximum bounds for the color saturate and color compare functions. 
The reset state of the 3D control registers is undefined. 


Bit 
31:24 


23:16 


15:8 


7:0 


Description 


Color_Saturate_Max (8-bpp modes only): This 8-bit field sets the maximum 
bound value used in color saturate for 8-bpp modes only. See the 
Color_Saturate_En bit (CONTROLO_3D[6)). 


Writes to this field are controlled by the CONTROL_MASK_3D[24]. 
Color_Compare_Max (Red Component): See COLOR_MIN_BOUNDS_3D 
[23:16] for details of usage. 

Writes to this field are controlled by the CONTROL_MASK_3D[0]. 
Color_Compare_Max (Green Component): See COLOR_MIN BOUNDS_3D 
[15:8] for details of usage. 

Writes to this field are controlled by the CONTROL_MASK_3D[0]. 
Color_Compare_Max (Blue Component): See COLOR_MIN_ BOUNDS _3D 
[7:0] for details of usage. 

Writes to this field are controlled by the CONTROL_MASK_3D[0]. 
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10.2.5 CONTROL1_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:8 
7:0 


32 
4110h 
Read/Write 
Description Mask 
Z_Hit_ Object_Mask CONTROL_MASK_3D[24] 
Reserved 
Z_Hit_Precision_ Mask CONTROL_MASK_3D[0] 


This register specifies the collision-detection function of the 3D engine. The reset state of the 3D 
control registers is undefined. 


Bit 
31:24 


23:8 
7:0 


May 1997 


Description 


Z_Hit_Object_Mask: These bits are used only when the Z_ON and 
Z_ COLLISION modes are selected. On a bit level, this field masks the upper eight 
bits of the Z-compare operation, and is used to reserve upper bits of the Z-buffer 
contents to hold ‘object’ indices. If two bits are masked, up to four objects can be 
represented by the upper two bits of the Z value. If three bits are masked, up to 
eight objects can be represented, and so on. Each bit in this field has the following 
meaning: 





If bit is: Function 
Y? Masks the bit from Z-collision compare. 
0’ Uses the bit for Z-collision compare (normal compare). 

















Writes to this field are controlled by CONTROL_MASK_3D[24]. 
Reserved: Program these bits to ‘0’. 


Z_Hit_Precision_Mask: These bits are used only when the Z_ON and 
Z_ COLLISION modes are selected. On a bit level, this field masks the lower eight 
bits of the Z-compare operation for collision detection. Masking of these lower eight 
bits can be used to select the precision of the Z-collision compare operation. Thus, 
Z-collision events can occur at a coarser granularity than the Z-buffer bit width. 











If bit is: Function 
Y? Masks the bit from Z-collision compare. 
0’ Uses the bit for Z-collision compare (normal compare). 











Writes to this field are controlled by CONTROL_MASK_3D[0]. 
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10.2.6 BASE0O_ADDR_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31:28 
27:24 
23:20 
19:16 


32 
4114h 
Read/Write 
Description 
Reserved 
Pattern _X_ Offset 
Reserved 


Pattern_Y Offset 
Texture_Location 

Z_ Buffer_Location 

Color Buffer Location 
Color_Buffer_X_Offset [12:6] 
Reserved 


3D GRAPHICS ACCELERATOR REGISTERS 


Mask 


CONTROL_MASK_3D[24] 


CONTROL_MASK_3D[16] 
CONTROL_MASK_3D[15] 
CONTROL_MASK_3D[14] 
CONTROL_MASK_3D[13] 
CONTROL_MASK_3D[0] 


This register specifies the Pattern_RAM offsets and X address offsets to base addresses and tex- 
ture, and to the Z and color location controls. The reset state of the 3D control registers is unde- 


fined. 
Bit 

31:28 
27:24 


23:20 
19:16 


Description 
Reserved: Program these bits to ‘0’. 


Pattern_X_Offset: These bits control the pattern lookup offset for the X address. 
This offset is used with the interpolated X value from the 3D engine, Xinterp, to 
determine the X location, Xpat, in the Pattern RAM. X,at values wrap within the pat- 
tern: 


Xpat = (Xinterp + Pattern_X_Offset) MOD Pat_Size Equation 10-1 


where: 
Pat_Size is 16 for XY color or XY stipple patterning, or 8 for XY dither patterning. 


Writes to this field are controlled by CONTROL_MASK_3D[24]. 
Reserved: Program these bits to ‘0’. 


Pattern_Y_ Offset: These bits control the pattern lookup offset for the Y address. 
This offset is used with the interpolated Y value from the 3D engine, Yinterp, to 
determine the Y location, Ypaz, in the Pattern RAM. The Ypat values wrap within the 
pattern: 


Yopat = (Yinterp + Pattern_Y_Offset) MOD Pat_Size Equation 10-2 


where: 
Pat_Size is 16 for XY color or XY stipple patterning, or 8 for XY dither patterning. 


Writes to this field are controlled by CONTROL_MASK_3D[16]. 
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10.2.6 BASEO ADDR_3D Register (cont.) 


Bit Description 


15 Texture_Location: This bit controls the location of texture maps for subsequent 
drawing operations. Texels within a map are always accessed in an XY format. 


If bit is: Function 


oe Fetches are from host memory (tiled format). 











0’ Fetches are from RDRAM memory (UV format). 











Writes to this field are controlled by CONTROL_MASK_3D[15]. 


14 Z_Buffer_Location: This bit controls the location of the depth buffer for subse- 
quent drawing operations. Depth data are always accessed in an XY format. 











If bit is: Function 
{? It is stored in host processor memory. 
0’ It is stored in RDRAM memory. 











Writes to this field are controlled by CONTROL_MASK_3D[14]. 


13 Color_Buffer_Location: This bit controls the location of the color buffer for subse- 
quent drawing operations. Pixels are always accessed in an XY format. 











If bit is: Function 
Y? It is stored in host processor memory. 
0’ It is stored in RDRAM memory. 











Writes to this field are controlled by CONTROL_MASK_3D[13]. 


12:6 Color_Buffer_X_Offset [12:6]: This bit controls the offset to color buffer X 
address. The offset is in 64-byte blocks. 


Computing X Address of Color Buffer 






Source/Result 







Source 1: X address of pixel 


(interpolated by the 3D engine) pales (DiS 10.6) 









Color_Buffer_X_ Offset 


(BASEO_ADDR_3D[12:6]) 000000 


Source 2: color space X base address 





Resulting X address of color buffer Sum of these two sources 

















Writes to this field are controlled by CONTROL_MASK_3DV(0]. 


5:0 Reserved: These bits should always be set to ‘0’. 
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10.2.7 BASE1_ADDR_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:29 
28:21 
20:13 
12:5 
4:0 


32 

4118h 

Read/Write 
Description Mask 
Reserved 
Z_Buffer_Y_ Offset [12:5] CONTROL_MASK_3D[16] 
Reserved 
Color_Buffer_Y_Offset [12:5] CONTROL_MASK_3D[0] 
Reserved 


This register specifies the offset addresses for the RDRAM Z buffer and color buffer Y address 
translation. The reset state of the 3D control registers is undefined. 


Bit 
31:29 
28:21 


20:13 
12:5 


4:0 


Description 
Reserved: Program these bits to ‘0’. 


Z_Buffer_Y Offset [12:5]: These bits control the Y offset of the Z buffer from the 
color space Y base address. The offset is in 32-line blocks. 




















Source/Result 12:11 4:0 
Source 1:Y address of pixel ‘ : 
(interpolated by the 3D engine) 00 yacaiess (ils) 
. Z_Buffer_Y_Offset 
Source 2: Z buffer Y base address (BASE1_ ADDR_3D bits 28:21) 00000 
Resulting Y address of Z buffer Sum of these two sources 











Writes to this field are controlled by CONTROL_MASK_3D[16]. 
Reserved: Program these bits to ‘0’. 


Color_Buffer_Y_ Offset [12:5]: These bits control the Y offset of the color buffer 
from the color space Y base address. The offset is in 32-line blocks. 


Source/Result 12:11 10:5 4:0 





Source 1:Y address of pixel : : 
(interpolated by the 3D engine) 00 Y address (bits 10:0) 





Source 2: color buffer Y offset (this field) eASeLADDR 3011s) 00000 








Resulting Y address of color buffer Sum of these two sources 

















Writes to this field are controlled by CONTROL_MASK_3D[0]. 


Reserved: Program these bits to ‘0’. 
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10.2.8 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31:28 
27:26 
25:24 


23 
22 
21 
20 
19 
18 
17 
16 
15:12 
11:8 
7 
6:4 
3 
2:0 


TX_CTLO_3D Register 


32 
4120h 
Read/Write 


Description 

Texture Lookup Offset 
Reserved 

Texel UV Address 
Multiplexer Select 

UV_ Precision 
Tex_Mask_Function 
Tex_Mask_Enable 
Tex_Mask_Polarity 
Host_Tex_Map_Format 
Fil Tex_En 

Tex_as Src 
Texel_Lookup_En 
Reserved 

Texel_ Mode 
Tex_V_Ovf_Sat_En 
Tex_V_Address_ Mask 
Tex_U Ovf_Sat_En 
Tex_U_ Address Mask 


CL-GD5465 Technical Reference Manual 


Mask 
CONTROL_MASK_3D[28] 


CONTROL_MASK_3D[24] 
CONTROL_MASK_3D[23] 
CONTROL_MASK_3D[22] 
CONTROL_MASK_3D[21] 
CONTROL_MASK_3D[20] 
CONTROL_MASK_3D[19] 
CONTROL_MASK_3D[18] 
CONTROL_MASK_3D[17] 
CONTROL_MASK_3D[16] 


CONTROL_MASK_3D{8] 
CONTROL_MASK_3D[7] 
CONTROL_MASK_3D/[4] 
CONTROL_MASK_3D[3] 
CONTROL_MASK_3D[0] 


This register controls the texture mapping functions of the CL-GD5465. A write to this register 
invalidates all entries in the texture cache. The reset state of the 3D control registers is undefined. 


Bit 
31:28 


27:26 


May 1997 


Description 


Texture Lookup Offset: An offset for lookup of texel color value in the TLUT (tex- 
ture lookup table). Enabled by bit 16 of this register and used only in 4- or 8-bpp 
Mapped Texel modes. 


Addresses in the TLUT are formed as: 


4-bpp Mapped Texel mode: 
TLUT address = texel (3:0) + ((Texture_Lookup_ Offset (3:0) << 4) + 0x0000) 


8-bpp Mapped Texel mode: 
TLUT address = texel (7:0) + ((Texture_Lookup_ Offset (3:0) << 4) + 0x0000) 


Writes to this field are controlled by CONTROL_MASK[28] 


Reserved: Program these bits to ‘0’. 
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10.2.8 | TX_CTLO_3D Register (cont.) 


Bit 
25:24 


23 


Description 


Texel UV Address Multiplexer Select: These bits map the upper V address bits 
into U space. This allows better packing of texture maps into unused fragments of 
RDRAM. 














Register Bits Address Bits 
25 24 U6 U5 U4—-U0 
0 0 U6 U5 U4—-U0 
0 1 U5 V7 U4—-U0 
1 0 V7 U5 U4-U0 
1 1 V8 V7 U4—-U0 























Writes to this field are controlled by CONTROL_MASK_3D[24]. 


UV_Precision: When this bit is ‘1’, it enables UV high precision. This changes the 
formats of a number of registers as shown in the following table. 














Register UV_Precision = 0 | UV_Precision = 1 
D2V_MAIN_3D s.9.16 s.7.24 
D2U_MAIN_3D s.9.16 s.7.24 
D2V_ORTHO_3D s.9.16 s.7.24 
D2U_ORTHO_3D s.9.16 s.7.24 
DV_ORTHO_ADD_3D s.9.16 S.7.24 
DU_ORTHO_ADD_3D s.9.16 s.7.24 




















When UV_Precision is ‘1’, the UV perspective accumulators have additional preci- 
sion in the fractional component to enhance rendering of highly magnified textures. 
In this mode, the CL-GD5465 interprets the perspective texture registers listed 
above as containing signed 8-bit integers with 24-bit fractions (that is, the radix 
point is moved to between bits 24 and 23). Software can treat these values as 
signed two’s complement numbers between —256 and 255. The base U and V reg- 
isters still have a 9-bit integer component. 


Writes to this bit are controlled by CONTROL_MASK_3D[23] 
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10.2.8 TX_CTLO_3D Register (cont.) 


Bit 
22 


May 1997 


Description 

Tex_Mask_Function: This bit, in concert with other Texture Control register bits, 
Instruction Modifier bits, and possibly the mask bit within the texel, selects either 
interpolated color from the RGB interpolators, host generated texels (provided as 
filtered texels from host memory), or regular texels (from a texture map) as the 
SOURCE_RGB (input) term to the lighting stage. See the table and description of 
TX_CTLO_3D/[21]. 

The Tex_Mask_Function bit only has an effect for Texel modes that have a mask bit 
in a texel. That is, in Texel modes of 4-bpp mapped, 8-bpp mapped, a:5:5:5, or 
a:8:8:8. 


Texture masking source is selected. 
a Write mask is selected. 


Writes to this field are controlled by CONTROL_MASK_3D[22]. 
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10.2.8 


Bit 


Description 


TX_CTLO_3D Register (cont.) 
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21 Tex_Mask_Enable: This bit enables operations that use the mask bit in the texel. 
This is only applicable for Texel modes that have a mask bit in the texel. That is, in 
Texel modes of 4- or 8-bpp mapped, a:5:5:5, or a:8:8:8. ‘1’ enables this bit. ‘0’ dis- 
































ables this bit. 
Tex | Tex Mask | Tex Mask | Tex as | Tex Mask Texel 
On? En> Fn° Sred Pol® nae SOURGE-AGE 
Interpolated color (patterned, 
stippled, or dithered as selected 
: 2 a ° n a by Instruction Modifier bits). This 
is the normal color configuration. 
Host generated texels with mask- 
2 e ps ! . 7 ing disabled. 
Host generated texels with mask- 
: ! . i , . ing enabled. 
Regular texels from a texture 
1 0 xX 0 Xx X map. This is the normal texture 
map configuration. 
Interpolated color. This configura- 
1 0 X 1 X X tion is not normally used during 
texture mapping. 
Regular texels. This configuration 
1 1 0 0 X xX uses the Texel Mask bit to control 
updates of the color buffer. 
Interpolated color. This configura- 
1 1 0 1 X xX tion uses the Texel Mask bit to 
control updates of the color buffer. 
1 1 1 X 0 0 Regular texels. 
1 1 1 X 0 1 Interpolated color. 
1 1 1 X 1 0 Interpolated color. 
1 1 1 X 1 1 Regular texels. 


























@ Texture_Eng_On Instruction Modifier bit 17. 


> TX_CTLO_3D[21] 
© TX_CTLO_3D[22] 
4 TX_CTLO_3D[17] 
© TX_CTLO_3D[20] 


' The mask bit within the texel, that is, Texture Lookup bit (bit 0) in 4-bpp mapped; CLUT bit (bit 0) in 
8-bpp mapped; bit 15 in a:5:5:5 Texel mode; or bit 31 in a:8:8:8 Texel mode. 


Writes to this field are controlled by CONTROL_MASK_3D[21]. 
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10.2.8 TX_CTLO_3D Register (cont.) 


Bit 
20 


19 


May 1997 


Description 


Tex_Mask_Polarity: This bit only has an effect when enabled by 
TX_CTLO_3D[21]. This bit allows programmers to inhibit texel writes within a tex- 
tured polygon when in Texel mode, which includes a mask bit. If Tex_Mask_Polarity 
does not equal the mask bit in the texture data, the texel cannot be written to the 
frame buffer (that is, masked). If Tex_Mask_Polarity equals the mask bit in the tex- 
ture data, the frame buffer can be updated. For texture map filtering enabled by the 
Fil_ Tex_En bit (bit 18 of this register), see the following table. 


If this bit is ‘1’, texels with a value of ‘0’ in their mask bit cannot be written to the 
frame buffer (masked). Texels with a value of ‘1’ can be written to the frame buffer. 


If this bit is ‘0’, the texels with a value of ‘1’ in their mask bit cannot be written to the 
frame buffer (masked). Texels with a value of ‘0’ can be written to the frame buffer. 




















Tex Mask Pol Texel1's Texel2’s Texture Mask Function for 
<7 = Mask Bit Mask Bit Filtered Texture Maps 
0 0 0 Write to frame buffer. 
0 0 1 Write to frame buffer. 
0 1 0 Write to frame buffer. 
0 1 1 Mask (does not write to frame buffer). 
1 0 0 Mask (does not write to frame buffer). 
1 0 1 Write to frame buffer. 
1 1 0 Write to frame buffer. 
1 1 1 Write to frame buffer. 























Writes to this bit are controlled by CONTROL_MASK_3D/[20]. 


Host_Tex_Map_Format: When this bit is ‘1’, the texture engine reads host texture 
data memory in XY mode rather than in tiled linear. The pitch of the texture is the 
U size. This feature has no effect on screen texture. 


Writes to this bit are controlled by CONTROL_MASK_3D[19]. 
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10.2.8 TX_CTLO_3D Register (cont.) 


Bit 
18 


17 


16 


15:12 


Description 


Fil_ Tex_En: This bit controls whether texture filtering is performed in full-color texel 
modes. Refer to TX_CTL2_3D[31:29] and TX_CTL2_3D[26:24] (Section 10.2.11) 
for further information on texture filtering. 


Writes to this bit is controlled by CONTROL_MASK_3D[18]. 


Tex_as_ Src: This bit specifies the source data for lighting. This bit, in concert with 
other texture control register bits, Instruction Modifier bits, and possibly the mask 
bit within the texel, selects either interpolated color, host generated texels, or reg- 
ular texels (from a texture map) as the SOURCE_RGB (input) term to the lighting 
stage. See TX_CTLO_3D[21]. 








If bit is: Function 
Y? Polygon engine is the lighting source. 
0’ Texture data is the lighting source. 














Writes to this bit are controlled by CONTROL_MASK_3D[17]. 


Texel_Lookup_En: This bit enables the use of texel data as lookup address into 
the TLUT (either 4- or 8-bpp modes). 











If bit is: Function 
1? Lookup is enabled. 
0’ Lookup is disabled. 











Writes to this bit are controlled by CONTROL_MASK_3D/[16]. 


Reserved: Program these bits to ‘0’. 
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10.2.8 | TX_CTLO_3D Register (cont.) 
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Bit Description 
11:8 Texel_Mode: This three-bit field stores the texel size. Values not in the following 
table are reserved and must be programmed into this field. 
Bits Texel Data 
106 Size (bits) Format 
0000b 4 Mapped (by TLUT); bit 0 from TLUT can be used as a 
mask. 
0001b n/a Reserved 
0010b 8 Mapped (by TLUT); bit 0 from TLUT can be used as a 
mask. 
0011b 8 3:3:2 
0100b 16 5:6:5 
0101b 16 a:5:5:5; bit 15 can be used as a mask. 
0110b 32 a:8:8:8; bit 31 can be used as a mask. 
0111b n/a Reserved 
Alpha only 
HOt0G : TEXEL_MODE_8BPT_ALPHA 
a:4:4:4; bits 15:12 are alpha bits 
1008 is TEXEL_MODE_16BPT A444 
a:8:8:8; bits 31:24 are alpha bits 
PnOb 3e TEXEL_MODE_32BPT A888 

















Writes to this field are controlled by CONTROL_MASK_3D[8]. 


7 Tex_V_Ovf_Sat_En: This bit controls whether the V component of the texture 
coordinate is allowed to wrapped at its extents (0-to-MAX value), or is clipped at 
either 0 or the MAX value. 


If bit is: 


Function 





Saturate V-to-0 or MAX is enabled. 











Wrap is enabled (no saturate). 








Writes to this field are controlled by CONTROL_MASK_3D[7]. 
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10.2.8 | TX_CTLO_3D Register (cont.) 


Bit 
6:4 


2:0 


Description 


Texel_V_Address_Mask: This field defines the height of V space. Values not in 
the following table are reserved and must be programed into this field. 

















Texel_V_Address_Mask | Height of V Space 
000b 16 
001b 32 
010b 64 
011b 128 
100b 256 
101b 512 

















Writes to this field are controlled by CONTROL_MASK_3D[4]. 


Tex_U_Ovf_Sat_En: This bit controls whether the U component of the texture 
coordinate is allowed to wrapped at it’s extents (O-to-MAX value), or is clipped at 
either 0 or the max value. 


Saturate U-to-0 or MAX is enabled. 
i> 30, - tl Wrap is enabled (no saturate). 








Writes to this field are controlled by CONTROL_MASK_3D{[8]. 
Texel_U_Address_Mask: This field defines the width of the U space. Values not 


in the following table are reserved and must not be programmed into this field. 

















Texel_U_Address_Mask | Width of U Space 
000b 16 
001b 32 
010b 64 
011b 128 
100b 256 
101b 512 

















Writes to this field are controlled by CONTROL_MASK_3D[0]. 
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10.2.9 TX_XYBASE_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:29 
28:20 
19:13 
12:5 
4:0 


32 

4124h 

Read/Write 
Description Mask 
Reserved 
Tex_Y_ Base_Addr [12:4] CONTROL_MASK_3D[16] 
Reserved 
Tex_X_Base_Addr [12:5] CONTROL_MASK_3D[0] 
Reserved 


This register specifies texture XY base address. A write to this register invalidates all entries in the 
texture cache. The reset state of the 3D control registers is undefined. 


Bit 
31:29 
28:20 


19:13 
12:5 


4:0 


May 1997 


Description 
Reserved: Program these bits to ‘0’. 


Tex_Y_Base_Addr [12:4]: This field defines the Y scanline offset address in 16 
blocks within RDRAM (frame buffer) memory. 




















Source/Result 12:9 8:4 3:0 
Source 1: V address of texel 0000 V address (bits 8:0) 
Source 2:Y base address Texture Y base address (bits 28:20) 0000 
Resulting Y address of texel at V Sum of these two sources 











Writes to this field are controlled by CONTROL_MASK_3D[16]. 
Reserved: Program these bits to ‘0’. 


Tex_X_Base_Addr [12:5]: This field defines X byte offset address within RDRAM 
(frame buffer) memory. (Textures are aligned on 32-byte boundaries.) 














Source/Result 12:8 7:5 4:0 
Source 1: U address of texel 0000 U address (bits 7:0) 
Source 2: X base address Texture X base address (bits 12:5) 00000 
Resulting X address of texel at U Sum of the above two sources 

















Writes to this field are controlled by CONTROL_MASK_3D[(0]. 


Reserved: Program these bits to ‘0’. 
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10.2.10 TX_CTL1_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:28 
27 

26 

25 

24 
23:16 
15:8 
7:0 


32 

4128h 

Read/Write 
Description Mask 
Reserved 
Tex_Color_Compare_Mode CONTROL_MASK_3D[27] 
Tex_Blue_Color_Compare CONTROL_MASK_3D[26] 
Tex_Green_Color_Compare CONTROL_MASK_3D[25] 
Tex_Red_Color_Compare CONTROL_MASK_3D[24] 
Tex_Min (Red) CONTROL_MASK_3Dj[0] 
Tex_Min (Green) CONTROL_MASK_3D[0] 
Tex_Min (Blue) CONTROL_MASK_3Dj[0] 


This register specifies Texture Control 1. A write to this register invalidates all entries in the texture 
cache. The reset state of the 3D control registers is undefined. 


Bit 
31:28 
27 


26 


25 


Description 
Reserved: Program these bits to ‘0’. 


Tex_Color_Compare_Mode: This bit determines if the texture compare color 
compare is exclusive or inclusive (for transparent texture effects). 







If bit is: 
ar 


Function 





Color compare is inclusive. 








‘0’ Color compare is exclusive. 














Writes to this field are controlled by CONTROL_MASK_3D[27]. 


Tex_Blue_Color_Compare: This bit is the mask used prior to texture compare (for 
transparent texture effects). 


ao Compare is enabled. 


Compare is disabled. 








Writes to this field are controlled by CONTROL_MASK_3D[26]. 


Tex_Green_Color_Compare: This bit is the mask used prior to texture compare 
(for transparent texture effects). 





If bit is: Function 






Compare is enabled. 





‘0’ Compare is disabled. 














Writes to this field are controlled by CONTROL_MASK_3D[25]. 
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10.2.10 TX_CTL1_3D Register (cont.) 


Bit 
24 


23:16 


15:8 


7:0 


May 1997 


Description 


Tex_Red_Color_Compare: This bit is the mask used prior to texture compare (for 
transparent texture effects). 








If bit is: Function 
‘1 Compare is enabled. 
‘0’ Compare is disabled. 














Writes to this field are controlled by CONTROL_MASK_3D[24]. 


Tex_Min (Red Component): This field is the texel mask minimum bounds. 
Writes to this field are controlled by CONTROL_MASK_3DV(0]. 


Tex_Min (Green Component): This field is the texel mask minimum bounds. 
Writes to this field are controlled by CONTROL_MASK_3D[0]. 


Tex_Min (Blue Component): This field is the texel mask minimum bounds. 
Writes to this field are controlled by CONTROL_MASK_3D[0]. 
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10.2.11 TX_CTL2_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:29 
28 

27 

26 

25 

24 
23:16 
15:8 
7:0 


32 
412Ch 
Read/Write 


Description 
Filtered_Mask_Threshold [2:0] 
En_Step_ Bilinear 
En_Smooth_Bilinear 
Tex_Fractional_Mask [2] 
Tex_Fractional_ Mask [1] 
Tex_Fractional_ Mask [0] 
Tex_Max (Red) 

Tex_Max (Green) 

Tex_Max (Blue) 
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Mask 


CONTROL_MASK_3D[26] 
CONTROL_MASK_3D[25] 
CONTROL_MASK_3D[24] 
CONTROL_MASK_3D[0] 
CONTROL_MASK_3D[0] 
CONTROL_MASK_3DJ0] 


This register specifies Texture Control 2. A write to this register invalidates all entries in the texture 
cache. The reset state of the 3D control registers is undefined. 


Bit 
31:29 
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Description 


Filtered_Mask_Threshold [2:0]: This field determines the thickness of the edge 
of the masked and non-masked regions when filtering. In the bounding regions, 
where one texel is masked and the other is not, the masking bit is expanded to 
either OxFF or 0, and interpolated depending upon the current subtexel coordi- 
nates. The resulting interpolated mask is then OR’ed with a mask according to the 
Filtered_Mask_Threshold binary value, as shown in the following table. If the result 
is OxFF, the texel is written. If the result is not OxFF, the texel is masked. 




















Filtered_Mask_Threshold [2:0] | Binary Mask 
000b 0111 1111b 
001b 0011 1111b 
010b 0001 1111b 
011b 0000 1111b 
100b 0000 0111b 
101b 0000 0011b 
110b 0000 0001b 
111b 0000 0000b 














When Filtered_Mask_Threshold is set to zero, there is a half-texel filtered bound- 
ary. When Filtered_Mask_Threshold is set to seven, there is a 1/255-texel filtered 


boundary. 
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10.2.11 TX_CTL2_3D Register (cont.) 


Bit Description 
28 En_Step_Bilinear: When this bit is ‘1’, stepped bilinear filtering is enabled with a 


user-programmable step size. This is accomplished by masking the fractional com- 
ponents of texel addresses with the fractional mask, thereby causing the bilinear 
filtering to be a step function, as shown in Figure 10-2. 


COLOR B 





BLOCK FILTERING ON 


COLORA 


Figure 10-2. Step Function 


27 En_Smooth_Bilinear: If this bit is set, Laguna 3D bilinear smooth filtering is 
enabled. For this mode of operation, the Tex_Fractional_Mask should be set to 
‘000b’ so that the Fractional Mask register denotes a binary Frac_Mask of Ox3F. 
This divides the regions into quarters. The fractional components of the texel 
addresses are modified so that there can be no discontinuity between the texels 
being filtered, as shown in Equation 10-3. 


ffrac = RA! Equation 10-3 
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10.2.11| TX_CTL2_3D Register (cont.) 


Bit Description 


26:24 Tex_Fractional_Mask [2:0]: This bit field determines the size of the edging 
regions (left/right horizontal columns and top/bottom vertical rows). The following 
table shows how this field is encoded. 


Tex_Fractional_Mask [2:0] | Hex Mask | Binary Mask 


000b 3F 0011 1111 





001b 1F 0001 1111 





010b OF 0000 1111 





011b 07 0000 0111 





100b 03 0000 0011 





101b 01 0000 0001 





110b 00 0000 0000 








111b 00 0000 0000 














For example: 


e If this field is 001b, (the mask is 00011111) any texel with subtexel fractional address 
of .000* will belong to the left/upper regions. 


e Any texel with subtexel fractional address of .111* will belong to the right/lower regions. 
e A texel that is between .000* and .111* will belong to the middle region(s). 


The texture-U subtexel coordinates determine the texel column. The texture V sub- 
texel coordinates determine the texel row in the following table. Together, they 
determine the texel region. 





A (1) (2) B (3) 





(4) (5) (6) 
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10.2.11 TX_CTL2_3D Register (cont.) 


Bit Description 


26:24 (cont.) Once the texel region is determined, the appropriate filtering formula can be 
applied. If the subtexel falls into regions 1, 3, 7, or 9 (the corners) then only a single 
texel must be fetched from the texture map. If the subtexel falls into regions 2, 4, 6, 
or 8, then two adjacent texels are fetched. The final texel is the result of interpola- 
tion between the two real texels; the interpolation constants are a function of the 
subtexel position. If the subtexel falls into regions 5 (the center), then four adjacent 
real texels are fetched and the final texel is the result of interpolation among them. 
The interpolation equations are shown in the following table. 


























Region iets d eae Equation Interpolation 

1 1 A A None 

2 2 A A(1-Uf) + B(Uf) Horizontal 

3 1 B B None 

4 2 A A(1-Vf) + C(f) Vertical 

5 4 A MCUt-Ut)sD(UE) X (VA 4-way 

6 2 B B(1-Vf) + D(Vf) Vertical 

7 1 Cc Cc None 

8 2 Cc C(1-Uf) + D(Uf) Horizontal 

9 1 D D None 


























When the Tex_Fractional_Mask is set to ‘7’, region 5 (the center) enlarges so that 
true bilinear filtering occurs (more 4-way interpolation). The SMOOTH_FILTER bit 
is used when the Tex_Fractional_ Mask bit is to ‘0’ (one-fourth regions). The 
SMOOTH_FILTER bit interpolates middle regions more smoothly. 


SMOOTH FILTER ON SMOOTH FILTER OFF 


COLOR B 


COLOR A 
Figure 10-3. Smooth Filtering 


Writes to this field are controlled by CONTROL_MASK_3D[26:24], respectively. 
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10.2.11| TX_CTL2_3D Register (cont.) 


Bit Description 


23:16 Tex_Max (Red Component): This field is the texel mask maximum bounds for the 
red component. 
Writes to this field are controlled by CONTROL_MASK_3D[0]. 

15:8 Tex_Max (Green Component): This field is the texel mask maximum bounds for 
the green component. 
Writes to this field are controlled by CONTROL_MASK_3D[0]. 

7:0 Tex_Max (Blue Component): This field is the texel mask maximum bounds for the 
blue component. 
Writes to this field are controlled by CONTROL_MASK_3DV[0]. 


Copyright 1997 — Cirrus Logic Inc. 10-87 May 1997 


3D GRAPHICS ACCELERATOR REGISTERS CL-GD5465 Technical Reference Manual 


10.2.12 COLOR_REGO_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:16 
15:8 
8:0 


32 
4130h 
Read/Write 
Description Mask 
Reserved 
Color0 (Red) CONTROL_MASK_3D[0] 
ColorO (Green) CONTROL_MASK_3D[0] 
ColorO (Blue) CONTROL_MASK_3D[0] 


This register specifies a constant value for color patterning or alpha blending. The reset state of 
the 3D control registers is undefined. 


Bit 
31:24 
23:0 


May 1997 


Description 

Reserved: Program these bits to ‘0’. 

Color0: This 24-bit field stores the constant value used in patterned polygons or 
Non-Indexed mode fixed-alpha blending. 


For patterned polygons, the Pattern RAM registers select either this field or the 
Color1 field (COLOR_REG1_3D[23:0]) as the pair of colors used to fill the polygon. 


For Non-Indexed mode alpha blending, this field is multiplied by the DEST_ALPHA 
value when selected as the DEST_RGB value by CONTROLO_3D[14:13]. 


Note that all eight bits of each component are used in the multiplication regardless 
of the pixel mode. 


The following shows which bit fields correspond to which color components: 


23:16 Red component 
15:8 Green component 
7:0 Blue component 


Writes to this field are controlled by CONTROL_MASK_3D[0]. 
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10.2.13 COLOR_REG1_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:24 
23:16 
15:8 
7:0 


32 

4134h 

Read/Write 
Description Mask 
Reserved 
Color1 (Red) CONTROL_MASK_3D[0] 
Color1 (Green) CONTROL_MASK_3D[0] 
Color1 (Blue) CONTROL_MASK_3D[0] 


This register specifies a constant value for color patterning or fixed lighting. The reset state of the 
3D control registers is undefined. 


Bit 
31:24 
23:0 


Description 

Reserved: Program these bits to ‘0’. 

Color1: This field contains the constant value used in patterned polygons or Non- 
Indexed mode fixed lighting. 

For patterned polygons, the Pattern RAM registers select either this field or the 
Color0 field (COLOR_REGO_3D/[23:0]) as a pair of colors used to fill the polygon. 
For Non-Indexed mode lighting, this field is multiplied by the SOURCE_RGB value 
when selected as the LIGHT_RGB value by the Light_Src_Sel field 
(CONTROLO_3D[26:25)]). 

Note that all eight bits of each component are used in the multiplication regardless 
of the pixel mode. 

The following shows which bit fields correspond to which color components: 
23:16 Red component 

15:8 Green component 

7:0 Blue component 


Writes to this field are controlled by CONTROL_MASK_3D[(0]. 
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10.2.14 Z_COLLIDE_3D Register 


Size (bits) 32 
MMIO Offset 4138h 
Access Type Read/Write 
Bit Description Mask 
31:16 Reserved 
15:0 Z_ Collision CONTROL_MASK_3D[0] 


This register is normally read only and determines the Z value at a Z hit or collision. This register 
should only be written during manufacturing tests. The reset state of the 3D control registers is 


undefined. 

Bit Description 

31:16 Reserved: These bits always read as ‘0’s. 

15:0 Z_Collision: This field stores the Z-value read from the Z buffer when a Z collision 


occurs. The values range from 0 to 65535. 
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10.2.15 STATUSO_3D Register 


Size (bits) 32 

MMIO Offset 413Ch 

Access Type Read only 
Bit Description 
31:2 Reserved 
1 3D-Engine Busy 
0 Z_ COLLISION Event Status 
This register specifies the 3D engine status. The reset state of the 3D control registers is unde- 
fined. 
Bit Description 
31:2 Reserved: These bits always read as ‘0’s. 
1 3D-Engine Busy: This bit reflects the status of the 3D engine. 

If this bit is ‘1’, the 3D engine is busy. If this bit is ‘0’, the 3D engine is idle. 

0 Z_ COLLISION Event Status: This bit generates an interrupt if the Z_COLLISION 


interrupt is enabled. 


If this bit is ‘1’, a Z-collision event occurred since the last read of this register. This 
bit is only set if the Z_COLLISION bit is enabled. 


If this bit is ‘0’, no Z-collision event has occurred since the last read. A read clears 
this bit. 
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10.2.16 X_CLIP_3D Register 


Size (bits) 32 

MMIO Offset 4160h 

Access Type Read/Write 
Bit Description Mask 
31 XMax_Clip Enable CONTROL_MASK_3D[81] 
30:27 Reserved 
26:16 XMax_Clip CONTROL_MASK_3D[16] 
15 XMin_Clip_Enable CONTROL_MASK_3D[15] 
14:11 Reserved 
10:0 XMin_Clip CONTROL_MASK_3D[0] 


This register controls the X coordinates of the clipping rectangle for drawing. A pixel P at (P,,Py) 
is drawn under the following conditions: 


e When both XMin_Clip Enable and XMax_Clip Enable are set to ‘0’ (disabled), or 
e When XMin_Clip < Px and XMin_Clip_Enable is set to ‘1’, and XMax_Clip_Enable is set to ‘0’, or 
e When Py < XMax_Clip and XMax_Clip_Enable is set to ‘1’ and XMin_Clip_Enable is set to ‘0’, or 


e When XMin_Clip < Px < XMax_Clip and both XMax_Clip_Enable and XMin_Clip_Enable are set to ‘1’ 
(enabled). 


The case XMax_Clip < XMin_Clip should not be programmed when both limits are enabled. The 
reset state of the 3D control registers is undefined. 


Bit Description 
31 XMax_Clip_Enable: If this bit is set to ‘1’, it enables the clipping operation to the 


XMax_Clip value. If this bit is set to ‘0’, it disables clipping to the XMax_Clip value. 
Writes to this bit are controlled by CONTROL_MASK_3D[31]. 
30:27 Reserved: Program these bits to ‘0’. 


26:16 XMax_Clip: This field stores the maximum X coordinate of the clipping rectangle 
in the range of 0 to 2047. 
Writes to this field are controlled by CONTROL_MASK_3D[16]. 

15 XMin_Clip Enable: If this bit is set to ‘1’, it enables the clipping operation to the 
XMin_Clip value. If this bit is set to ‘0’, it disables clipping to the XMin_Clip value. 
Writes to this bit are controlled by CONTROL_MASK_3D[15]. 


14:11 Reserved: Program these bits to ‘0’. 


10:0 XMin_Clip: This field stores the minimum X coordinate of the clipping rectangle in 
the range of 0 to 2047. 


Writes to this field are controlled by CONTROL_MASK_3D[0]. 
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10.2.17 Y_CLIP_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31 
30:27 
26:16 
15 
14:11 
10:0 


32 
4164h 
Read/Write 


Description 
YMax_Clip Enable 
Reserved 
YMax_Clip 
YMin_Clip_Enable 
Reserved 
YMin_Clip 
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Mask 
CONTROL_MASK_3D[81] 


CONTROL_MASK_3D[16] 
CONTROL_MASK_3D[15] 


CONTROL_MASK_3D)0] 


This register controls the Y coordinates of the clipping rectangle for drawing. A pixel P at (P,,Py) 
is drawn under the following conditions: 


e When both YMin_Clip Enable and YMax_Clip Enable are set to ‘0’ (disabled), or 

e When YMin_Clip < Py and YMin_Clip_Enable is set to ‘1’ and YMax_Clip_Enable is set to ‘0’, or 

e When Py < YMax_Clip and YMax_Clip_Enable is set to ‘1’ and YMin_Clip_Enable is set to ‘0’, or 

e When YMin_Clip < Py < YMax_Clip and both YMax_Clip Enable and YMin_Clip_Enable are set to ‘1’ 


(enabled). 


The case YMax_Clip < YMin_Clip should not be programmed when both limits are enabled. The 
reset state of the 3D control registers is undefined. 


Bit 
31 


30:27 
26:16 


15 


14:11 
10:0 


Description 


YMax_Clip Enable: If this 
YMax_Clip value. If this bit 


bit is set to ‘1’, it enables the clipping operation to the 
is set to ‘0’, it disables clipping to the YMax_Clip value. 


Writes to this bit are controlled by CONTROL_MASK_3D[31]. 


Reserved: Program these bits to ‘0’. 


YMax_Clip: This field stores the maximum Y coordinate of the clipping rectangle 


in the range of 0 to 2047. 


Writes to this field are controlled by CONTROL_MASK_3D[16]. 


YMin_Clip_ Enable: If this 


bit is set to ‘1’, it enables the clipping operation to the 


YMin_Clip value. If this bit is set to ‘0’, it disables clipping to the YMin_Clip value. 
Writes to this bit are controlled by CONTROL_MASK_3D[15]. 


Reserved: Program these bits to ‘0’. 


YMin_Clip: This field stores the minimum Y coordinate of the clipping rectangle in 


the range of 0 to 2047. 


Writes to this field are controlled by CONTROL_MASK_3D[(0]. 
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10.2.18 TEX SRAM _CTL_3D Register 


Size (bits) 32 
MMIO Offset 4168h 
Access Type Read/Write 
Bit Description Mask 
31:7 Reserved 
6:4 2D_SRAM_ Select CONTROL_MASK_3D[4] 
3:0 Reserved 


This register specifies a constant value for color patterning or alpha blending. The reset state of 
the 3D control registers is undefined. 


Bit Description 
31:7 Reserved: Program these bits to ‘0’. 
6:4 2D_SRAM_Select: This field selects a 128-byte region of the 1-Kbyte texture 


SRAM cache for use by the BitBLT engine for 2D operations. 
Writes to this field are controlled by CONTROL_MASK_3D/[4] 


3:0 Reserved: Program these bits to ‘0’. 
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10.2.19 REVISION_3D Register 


Size (bits) 32 
MMIO Offset 416Ch 
Access Type Read only 
Bit Description 
31:16 Reserved 
15:0 3D_Eng_Rev 


This register specifies the revision level of the 3D engine. The Laguna 3D family is backwards and 
forwards compatible in definition and design. This register allows both new and old software to 
determine the capabilities of the 3D engine module and use either old software modules compat- 
ible with earlier versions of the device, or new software modules capable of taking advantage of 
the indicated hardware function(s). The reset state of the 3D control registers is undefined. 


Bit Description 
31:16 Reserved: This field will always be ‘0’. 
15:0 3D_Eng_Rev: This read-only field indicates the revision level of the 3D engine, as 


indicated in the following table. Values not in the table are not returned. 


3D_Eng_Rev | Laguna Family | Description 


0 CL-GD5464 Basic engine. 





New functions, high precision texture interpolation, 


1 CL-GD5465 and control mask BD extensions. 
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10.3 Pattern RAM Registers 


The Pattern RAM registers have an XY color pattern, an XY stipple pattern, an XY dither pattern, 
or aline mask pattern organization summarized in Table 10-7 through Table 10-12, listed in MMIO 
offset order. The detailed register description is also provided in MMIO offset order. 


Table 10-7. XY Color Pattern and XY Stipple Pattern Formats 
(One-Pattern RAM Register, Bit Per Pixel) 


























‘ a MMIO 

Register Name Description Offset 

PATTERN RAM_0 3D Rows 0 and 1 of a 16 x 16 color or stipple 4140h 
pattern 

PATTERN RAM_1 3D Rows 2 and 3 of a 16 x 16 color or stipple 4144h 
cy pattern 

PATTERN RAM 2 3D Rows 4 and 5 of a 16 x 16 color or stipple 4148h 
pattern 

PATTERN RAM. 3 3D Rows 6 and 7 of a 16 x 16 color or stipple 414Ch 
pattern 

PATTERN RAM 4 3D Rows 8 and 9 of a 16 x 16 color or stipple 4150h 
pattern 

PATTERN RAM 5 3D Rows 10 and 11 of a16 x 16 color or stipple 4154h 
pattern 

PATTERN RAM 6 3D Rows 12 and 13 of a16 x 16 color or stipple 4158h 
pattern 

PATTERN RAM_7 3D ne and 15 of a16 x 16 color or stipple 415Ch 
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Table 10-8. XY Dither Pattern Format (Four-Pattern RAM Register, Bits Per Pixel) 

Register Name Description Format pode Page 

PATTERN_RAM_0_3D Row 0 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 4140h 10-100 
PATTERN_RAM_1_3D Row 1 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 4144h 10-103 
PATTERN_RAM_2_3D Row 2 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 4148h 10-104 
PATTERN_RAM_3_ 3D Row 3 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 414Ch 10-105 
PATTERN_RAM_4 3D Row 4 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 4150h 10-106 
PATTERN_RAM_5 3D Row 5 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 4154h 10-107 
PATTERN_RAM_6_3D Row 6 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 4158h 10-108 
PATTERN_RAM_7_3D Row 7 (8 pixels) of an 8 x 8 dither pattern | 4.4.4.4.4.4.4.4 415Ch 10-109 
Table 10-9. Line Mask Pattern Format (One-Pattern Register, Bit Per Pixel) 

Register Name Description Format pret Page 
PATTERN_RAM_0_3D Register 0 (32 pixels) of line mask pattern 1.4.1 ....1.14.1 4140h 10-100 
PATTERN_RAM_1_3D Register 1 (32 pixels) of line mask pattern 1.4.1 ....1.1.1 4144h 10-103 
PATTERN_RAM_2_3D Register 2 (32 pixels) of line mask pattern 1.4.1 ....1.14.1 4148h 10-104 
PATTERN_RAM_3_3D Register 3 (32 pixels) of line mask pattern 1.4.1 ....1.1.1 414Ch 10-105 
PATTERN_RAM_4_ 3D Register 4 (32 pixels) of line mask pattern 1.4.1 ....1.14.1 4150h 10-106 
PATTERN_RAM_5_3D Register 5 (32 pixels) of line mask pattern 1.4.1 ....1.1.1 4154h 10-107 
PATTERN_RAM_6_3D Register 6 (32 pixels) of line mask pattern 1.4.1 ....1.1.1 4158h 10-108 
PATTERN_RAM_7_3D Register 7 (32 pixels) of line mask pattern 1.4.1 ....1.14.1 415Ch 10-109 
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Table 10-10 shows the relationship between the Pattern RAM register bits and the XY location on 
the destination bitmap for stipple patterns. 


Table 10-10. Stipple Pattern XY Location 















































Y[3:0] Value 0 X[3:0] Value 15 
(Lower Four Bits of Y) (Lower Four Bits of X) 

0 0 PATTERN_RAM_0_3D 15 

1 16 PATTERN_RAM_0_3D 31 

2 0 PATTERN_RAM_1_3D 15 

3 16 PATTERN_RAM_1_3D 31 

4 0 PATTERN_RAM_2_ 3D 15 

5 16 PATTERN_RAM_2 3D 31 

6 0 PATTERN_RAM_3 3D 15 

7 16 PATTERN_RAM_3 3D 31 

8 0 PATTERN_RAM_4_ 3D 15 

9 16 PATTERN_RAM_4_ 3D 31 

10 0 PATTERN_RAM_5 3D 15 

11 16 PATTERN_RAM_5 3D 31 

12 0 PATTERN_RAM_6_3D 15 

13 16 PATTERN_RAM_6_3D 31 

14 0 PATTERN_RAM_7_3D 15 

15 16 PATTERN_RAM_7_3D 31 
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Table 10-11 indicates the relationship between the Pattern RAM register bits and the XY location 
on the destination bitmap for dither patterns. 


Table 10-11. Dither Pattern XY Location 


























anette X[2:0] Value (Lower Three bits of X) Sc eEe 
Bits of Y) gister 
0 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN _RAM_0 3D 
1 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN _RAM_1_3D 
2 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN RAM 2 3D 
3 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN _RAM_3 3D 
4 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN RAM 4 3D 
5 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN _RAM_5 3D 
6 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN RAM _6 3D 
7 3:0 7:4 11:8 | 15:12 | 19:16 | 23:20 | 27:24 | 31:28 | PATTERN _RAM_7_3D 
































Table 10-12 indicates the relationship between Pattern RAM register bits and pixel location within 
a line bitmap for line mask patterns when the PATTERN_RAM_0_3D register is selected by the 
Pattern Y Offset field of BASEO ADDR_3D. 


Table 10-12. PATTERN_RAM Register Bits and Pixel Location 








Pixel Number Along the Line 
(in the direction of drawing) PATTERN_RAM 
Register 
0 i ane 3s 31% | gone) “gai? || gq 
0 1 2 ss 31 0 1 2 sii PATTERN_RAM_0_3D 
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10.3.1 PATTERN_RAM_0_3D Register 


Size (bits) 32 
MMIO Offset 4140h 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description Reset Value 
31:16 Row1 Color Data 0 
15:0 Row0_ Color Data 0 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description Reset Value 
31:16 Row1_Stipple_Data 0 
15:0 Row0_Stipple_Data 0 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description Reset Value 
31:28 Row0_Col7_Dither_Data 0 
27:24 Row0_Col6_Dither_Data 0 
23:20 Row0_Col5_Dither_Data 0 
19:16 Row0_Col4 Dither Data 0 
15:12 Row0_Col3_Dither_Data 0 
11:8 Row0_Col2_Dither_Data 0 
7:4 Row0_Col1_Dither_Data 0 
3:0 Row0_Col0 Dither Data 0 


Line Masking Selected by Instruction Modifier 


Bit Description Reset Value 
31:0 Line Mask_Data 0 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, or a row 
of an 8 x 8 XY dither pattern or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.1. PATTERN_RAM_0_3D Register (cont.) 


XY Color Patterning 
Bit Description 
31:16 Row1_Color_Data: This 16-bit field stores the larger Y valued row of single-bit 


15:0 


color data. 


Row0_Color_Data: This 16-bit field stores the first (top) row of single-bit color 
data. 


Where, if single-bit color data is ‘1’, use the color value in COLOR_REG1_3D reg- 
ister; if single-bit color data is ‘0’, use the color value in COLOR_REGO_3D regis- 
ter, and where the LSB of each 16-bit field is at the least-significant X position and 
the MSB of each field is at X position (X = 15) of 16 x 16 pattern. 


XY Stipple Patterning 


Bit Description 

31:16 Row1_Stipple_Data: This 16-bit field stores one row (larger Y value of pair) of sin- 
gle-bit mask data. 

15:0 Row0_Stipple_Data: This 16-bit field stores the first (top) row of single-bit mask 
data. 
Where, if this field is ‘1’, mask (do not draw) the pixel; if this field is ‘0’, draw the 
pixel, and where the LSB of each 16-bit field is at the least-significant X position 
and MSB is at X position (X = 15). 

XY Dither Patterning 

Bit Description 

31:28 Row0_Col7_Dither_Data: This field stores the four-bit dither data at the most sig- 
nificant X position (Xpat = 7) of 8 x 8 pattern. 

27:24 Row0_Col6_Dither_Data: This field stores the dither data at Xpat = 6. 

23:20 Row0_Col5_Dither_Data: This field stores the dither data at Xpat = 5. 

19:16 Row0_Col4_Dither_Data: This field stores the dither data at Xpat = 4- 

15:12 Row0_Col3_Dither_Data: This field stores the dither data at Xpat = 3. 

11:8 Row0_Col2_Dither_Data: This field stores the dither data at Xpat = 2. 

7:4 Row0_Col1_Dither_Data: This field stores the dither data at Xpat = 1- 

3:0 Row0_Col0_Dither_Data: This field stores the dither data at least-significant X 


position (Xpat = 0). 
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10.3.1. PATTERN_RAM_0_3D Register (cont.) 


Line Masking 


Bit Description 


31:0 Line_Mask_Data: This is the 32-bit field of single-bit mask data, where bit 0 cor- 
responds to the base point of the line and each subsequent pixel uses the next- 
highest bit from this field for mask data. When bit 31 is reached, the next mask is 
taken from bit 0. Where, if this field is ‘1’, mask (do not draw) the pixel; if this field 
is ‘0’, draw the pixel. 
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10.3.2 PATTERN_RAM_1_3D Register 


Size (bits) 32 
MMIO Offset 4144h 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Rows. Color Data 
15:0 Row2_Color_Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row3_Stipple_Data 
15:0 Row2_Stipple_Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Row1 Col7_ Dither Data 
27:24 Row1 Col6 Dither Data 
23:20 Row1 Col5 Dither Data 
19:16 Row1 Col4_ Dither Data 
15:12 Row1 Col3 Dither Data 
11:8 Row1 Col2 Dither Data 
7:4 Row1 Coli Dither Data 
3:0 Row1 Cold Dither Data 


Line Masking Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.3 PATTERN_RAM_2_3D Register 


Size (bits) 32 
MMIO Offset 4148h 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row5_ Color Data 
15:0 Row4 Color Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row5_Stipple_Data 
15:0 Row4_Stipple_Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Row2_Col7_Dither_Data 
27:24 Row2_Col6 Dither Data 
23:20 Row2_Col5 Dither Data 
19:16 Row2_Col4_ Dither Data 
15:12 Row2_Col3_ Dither Data 
11:8 Row2_Col2_Dither_Data 
7:4 Row2_Col1_ Dither Data 
3:0 Row2_Col0_ Dither Data 


Line Masking Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.4 PATTERN_RAM_3_3D Register 


Size (bits) 32 
MMIO Offset 414Ch 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row7_Color_Data 
15:0 Row6_Color_Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row7_Stipple_Data 
15:0 Row6_Stipple_Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Rows. Col7_Dither_Data 
27:24 Rows. Col6_ Dither Data 
23:20 Rows. Col5 Dither Data 
19:16 Rows. Col4_Dither_Data 
15:12 Rows. Col3_Dither_Data 
11:8 Rows. Col2_Dither_Data 
7:4 Rows. Col1_ Dither Data 
3:0 Rows. Col0_ Dither Data 


Line Masking Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.5 PATTERN_RAM_4_ 3D Register 


Size (bits) 32 
MMIO Offset 4150h 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row9_ Color Data 
15:0 Row8_ Color Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row9_Stipple_Data 
15:0 Row8_Stipple_Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Row4_Col7_Dither_Data 
27:24 Row4 Col6 Dither Data 
23:20 Row4 Col5 Dither Data 
19:16 Row4 Col4 Dither Data 
15:12 Row4 Col3 Dither Data 
11:8 Row4 Col2_ Dither Data 
7:4 Row4_Col1_ Dither Data 
3:0 Row4 Cold Dither Data 


Line Masking is Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.6 PATTERN_RAM_5_ 3D Register 


Size (bits) 32 
MMIO Offset 4154h 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row11_ Color Data 
15:0 Row10 Color Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row11_Stipple_ Data 
15:0 Row10_Stipple_Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Row5 Col7_ Dither Data 
27:24 Row5 _Col6 Dither Data 
23:20 Row5 _Col5 Dither Data 
19:16 Row5_Col4_ Dither Data 
15:12 Row5 _Col3 Dither Data 
11:8 Row5 Col2 Dither Data 
7:4 Row5_ Coli Dither Data 
3:0 Row5 Cold Dither Data 


Line Masking Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.7 PATTERN_RAM_6_3D Register 


Size (bits) 32 
MMIO Offset 4158h 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row13 Color Data 
15:0 Row12 Color Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row13_ Stipple Data 
15:0 Row12_Stipple_ Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Row6_Col7_ Dither Data 
27:24 Row6_Col6_ Dither Data 
23:20 Row6_Col5 Dither Data 
19:16 Row6_Col4_ Dither Data 
15:12 Row6_Col3_ Dither Data 
11:8 Row6_Col2_ Dither Data 
7:4 Row6_Col1_ Dither Data 
3:0 Row6_Col0_ Dither Data 


Line Masking Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.3.8 PATTERN_RAM_7_3D Register 


Size (bits) 32 
MMIO Offset 415Ch 
Access Type Read/Write 


XY Color Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row15 Color Data 
15:0 Row14 Color Data 


XY Stipple Patterning Selected by Instruction Modifier 


Bit Description 
31:16 Row15_ Stipple Data 
15:0 Row14 Stipple Data 


XY Dither Patterning Selected by Instruction Modifier 


Bit Description 

31:28 Row7_Col7_Dither_Data 
27:24 Row7_Col6 Dither Data 
23:20 Row7_Col5 Dither Data 
19:16 Row7_Col4_ Dither Data 
15:12 Row7_Col3 Dither Data 
11:8 Row7_Col2_Dither_Data 
7:4 Row7_Col1_ Dither Data 
3:0 Row7_ Cold Dither Data 


Line Masking Selected by Instruction Modifier 


Bit Description 
31:0 Line Mask_Data 


This register specifies either two rows of a 16 x 16 XY color pattern or XY stipple pattern, one row 
of an 8 x 8 XY dither pattern, or line mask pattern organization. The reset state of the 3D pattern 
RAM registers is undefined. 
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10.4 HostXY Unit Registers 


The HostXY unit registers define and control the operation of the HostXY unit, and are listed in 
Table 10-13 in MMIO offset order. They have no effect unless the Bus Master Enable bit (PCI Com- 
mand[2]) is enabled. The detailed register description is also provided in MMIO offset order. 


Table 10-13. HostXY Unit Registers 

















‘ 5 gi MMIO 
Register Name Description Format Offset Page 
Host memory base address for XY bitmaps 
in host memory “ 
HXY_BASEO_ADDRESS_PTR_3D For example, a color buffer or Z buffer in 32 4200h 10-111 
host memory 
HXY_BASEO. START 3D Start_X and Start_Y for XY bitmaps in host 30 4204h 10-112 
memory 
Extent_X and Extent_Y for XY bitmaps in ‘ 
HXY_BASE0O_EXTENT_3D host memory 32 4208h 10-113 
Reserved = - 420Ch - 
Host memory base address for linear bit- 
maps in host memory ‘ 
HXY_BASE1_ADDRESS_PTR_3D For example, texture maps stored in host 32 4210h 10-114 
memory 
Offset0 (to HXY_BASE1_ADDRESS_ 3D) - 
HXY_BASE1_OFFSET0O_3D for linear bitmaps in host memory 32 4214h 10-115 
Offset1 (to HXY_BASE1_ADDRESS_3D) - 
HXY_BASE1_OFFSET1_3D for linear bitmaps in host memory 32 4218h 10-116 
HXY_BASE1_LENGTH 3D nel of linear bitmap in host memory (in 39 421Ch 10-117 
HXY_HOST_CTRL_3D Host xy control register 32 4240h 10-118 
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10.4.1 HXY_BASEO ADDRESS PTR_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:12 
11:2 
1 

0 


32 

4200h 

Read/Write 
Description Reset Value 
BaseO Address for XY Requests in Host Memory 0 
Physical Range for XY Bitmaps in Host Memory 0 
Reserved 0 
Virtual/Physical Control 0 


This register specifies the host memory XY bitmap base address and range. This register has no 
effect unless enabled by the Bus Master Enable bit (PC] Command[2]). 


Bit 
31:12 


Description 


BaseO Address for XY Requests in Host Memory: This 20-bit field has two 
meanings depending on the state of bit 0 of this register: It is either bits 31:12 of 
the physical address corresponding to the origin of the locked physically contigu- 
ous host memory area for XY bitmaps, or bits 31:12 of the physical address corre- 
sponding to the beginning of a 4-Kbyte locked, virtual-to-physical address transla- 
tion table in host memory for XY bitmaps. Refer to Chapter 15, “83D Programmer’s 
Guide” for more information. 


The BaseO Address is used: 


e when drawing to host memory as indicated by the Color_Buffer_Location and 
Z_Buffer_Location bits (BASEO_ADDR_3D[13-14)]), 


e when performing 2D BitBLTs with Y15 = 1, or 


e when performing Master I/O XY operations (where the CL-GD5465, as PCI bus master 
fetches or stores data to and from host memory for the 2D BitBLT engine or the 3D 
engine). 


Physical Range for XY Bitmaps in Host Memory: When bit 0 of this register is 
‘0’ and the PCI_Addr_Check_En bit (HOST_MASTER_CTL_3D[4]) is ‘1’, this field 
defines the range of valid address accesses starting from the BaseO address. A 
value of ‘0’ in this field is invalid. Values of 1 through 1023 indicate the number of 
4-Kbyte blocks that can legally be accessed from the base address. Invalid 
accesses Cause exceptions. 


Reserved: Set this bit to ‘0’. 
Virtual/Physical Control: This bit controls whether the BaseO address field of this 
register points to a virtual address translation table or a physical address origin. 


If this bit is ‘1’ (virtual), the BaseO address is the physical address corresponding 
to the beginning of a 4-Kbyte locked, virtual-to-physical address translation table. 


If this bit is ‘0’ (physical), the BaseO address is the physical address corresponding 
to the origin of the locked, physically contiguous host memory area for XY bitmaps. 
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10.4.2 HXY_BASEO START_3D Register 


Size (bits) 32 

MMIO Offset 4204h 

Access Type Read/Write 
Bit Description Reset Value 
31:30 Reserved 0 
29:16 Start_Y 0 
15:14 Reserved 0 
13:0 Start_X 0 


This register specifies the starting coordinate for XY operations to host memory. The host memory 
address first accessed is formed by the sum of the following: 


e BaseO address from the HXY_BASEO_ADDRESS_PTRF_3D register (or computed address after virtual- 
to-physical translation table lookup) 


e Start_Y multiplied by the YPitch (from the HXY_HOST_CTL_S3D register) 


e Start_X value 


This register has no effect unless enabled by the Bus Master Enable bit (PC] Command[2]). 


Bit Description 

31:30 Reserved 

29:16 Start_Y: This field is the starting Y value (or line) of XY bitmap data in host memory. 

15:14 Reserved 

13:0 Start_X: This field is the starting X value of XY bitmap data in host memory, in 32- 
bit dwords. 


May 1997 10-112 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 3D GRAPHICS ACCELERATOR REGISTERS 


10.4.3 HXY_BASE0_EXTENT_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31 

30 
29:26 
25:16 
15:12 
11:0 


32 

4208h 

Read/Write 
Description Reset Value 
Write_XY 
Reverse_Y_ Direction 0 
Reserved 0 
Extent_Y 0 
Reserved 0 
Extent_X 0 


This register specifies the extents of XY bitmaps in host memory. Writes to this register initiate PCI 
bus master cycles to host memory. Valid values must be programmed to the 
HXY_BASEO ADDRESS_PTR_3D and HXY_BASE0O_START_3D registers prior to programming 


this register. 


This register has no effect unless enabled by the Bus Master Enable bit (PC! Command[2]) and 
the HOSTXY Enable bit (HXY_HOST_CTRL_3D[0}). 


Note that the extents must both be non-zero. 


Bit 
31 


29 


29:26 
25:16 


15:12 
11:0 


Description 


Write_XY: If this bit is set to ‘1’, the CL-GD5465, as a PCI bus master, writes XY 
bitmap data to host memory at addresses specified by the contents of this register, 
the HXY BASEO0_ ADDRESS_PTR_3D register, and the 
HXY_BASE0O_START_3D register. If this bit is set to ‘0’, the PCI bus master reads 
to host memory occur. 


Reverse_Y_ Direction: If this bit is ‘1’, Master I/O BitBLTs decrease (rather than 
increase) the Y component of the address for each line. Host fetches will start at 
Y_ Start line and decrement. This is unrelated to the BD_Y_DIR bit of the 2D BitBLT 
engine BLTDEF register. This bit allows vertical flipping of an image during a trans- 
fer. 


Reserved: Program these bits to ‘0’. 


Extent_Y: This field is the Y extent (or height in lines) of XY bitmap data in host 
memory. This 12-bit field allows up to 4095 lines. 


Reserved: Program these bits to ‘0’. 


Extent_X: This field is the X extent, in dwords, of XY bitmap data in host memory. 
This 12-bit field allows up to 4095 dwords. 
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10.4.4 HXY_BASE1_ ADDRESS PTR_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:12 
11:2 
1 

0 


32 

4210h 

Read/Write 
Description Reset Value 
Base1 Address for Linear Bitmaps in Host Memory 0 
Physical Range for Linear Bitmaps in Host Memory 0 
Reserved 0 
Virtual/Physical Control 0 


This register specifies the host memory base address for linear bitmaps. It has no effect unless 
enabled by the Bus Master Enable bit (PC] Command[2]). 


Bit 
31:12 


May 1997 


Description 


Base1 Address for Linear Bitmaps in Host Memory: This 20-bit field has two 
meanings depending on the value of bit 0 of this register: It is either bits 31:12 of 
the physical address corresponding to the origin of the locked physically contigu- 
ous host memory area for linear bitmaps, or it is bits 31:12 of the physical address 
corresponding to the beginning of a 4-Kbyte locked virtual-to-physical address 
translation table in host memory for linear bitmaps. Refer to Chapter 15, “3D Pro- 
grammer’s Guide” for more information. 


This Base1 address is used: 


e when fetching texture map data from host memory as indicated by the 
Texture_Location bit (BASEO_ADDR_3D[15}), 


e when performing Master I/O linear operations (where the CL-GD5465, as a PCI bus 
master fetches or stores data to and from host memory for the 2D BitBLT engine or the 
3D engine). 


Physical Range for Linear Bitmaps in Host Memory: When bit 0 of this register 
is ‘0’ and the PCI_Addr_Check_En bit (HOST_MASTER_CTL_3D[4]) is ‘1’, this 
field defines the range of valid address accesses starting from the Base1 address. 
A value of ‘0’ in this field is invalid. Values of 1 through 1023 indicate the number of 
4-Kbyte blocks that can legally be accessed from the Base1 address. Invalid 
accesses Cause exceptions. 


Reserved: Set this bit to ‘0’. 
Virtual/Physical Control: This bit controls whether the base address field of this 
register points to a virtual address translation table or a physical address origin. 


If this bit is ‘1’ (virtual), the Base1 address is the physical address corresponding 
to the beginning of the 4-Kbyte locked, virtual-to-physical address translation table 
for linear bitmaps in host memory. 


If this bit is ‘0’ (physical), the Base1 address is the physical address corresponding 
to the origin of the locked, physically contiguous host memory area for linear bit- 
maps. 
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10.4.5 HXY_BASE1_OFFSET0_3D Register 


Size (bits) 32 
MMIO Offset 4214h 
Access Type Read/Write 
Bit Description Reset Value 
31:22 Reserved 0 
21:2 Linear_OffsetO [21:2] 0 
1:0 Reserved 0 


This register specifies an offset from BASE1_ADDRESS_3D for linear bitmap accesses. For 
example, for texture maps located in host memory. See also the HXY_BASE1_LENGTH_3D reg- 
ister on page 10-117. 


This register has no effect unless enabled by the Bus Master Enable bit (PC] Command[2]). 


Bit Description 
31:22 Reserved: Program these bits to ‘0’. 
21:2 Linear_Offset0 [21:2]: First offset added to BASE1_ADDRESS_ 3D for linear bit- 


map addressing into the host memory. For example, this byte address offset (32- 
bit aligned) is the start of a texture map. 


1:0 Reserved: Program these bits to ‘0’ so that writes to bits 21:0 form a 32-bit-aligned 
byte address. 
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10.4.6 HXY_BASE1_OFFSET1_3D Register 


Size (bits) 32 
MMIO Offset 4218h 
Access Type Read/Write 
Bit Description Reset Value 
31:22 Reserved 0 
21:2 Linear_Offset1 [21:2] 0 
1:0 Reserved 0 


This register specifies another offset from BASE1_ADDRESS_3)D for linear bitmap accesses. 
This register should not be programmed when tiled texture maps are located in host memory. See 
also the HXY_BASE1_LENGTH_3D register on page 10-117. 


This register has no effect unless enabled by the Bus Master Enable bit (PC] Command[2]). 


Bit Description 
31:22 Reserved: Program these bits to ‘0’. 
21:2 Linear_Offset1 [21:2]: This field is the second offset to BASE1_ADDRESS_3D for 


linear bitmap addressing into host memory. This field is automatically updated by 
the 3D engine and should not be directly programmed when texture maps are 
located in host memory. This field should be programmed for Master I/O linear 
accesses to host memory. This is a byte address offset (32-bit aligned). 


1:0 Reserved: Program these bits to ‘0’ so that writes to bits 21:0 form a 32-bit-aligned 
byte address. 
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10.4.7 HXY_BASE1_LENGTH_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31 

30 
29:21 
20:2 
1:0 


32 

421Ch 

Read/Write 
Description Reset Value 
Write_Linear 
Enable CPU_Generated_ Textures 0 
Reserved 0 
Length_Linear 0 
Reserved 0 


This register specifies the length in bytes and type of linear host memory accesses. This register 
should not be programmed when tiled texture maps are located in host memory. 


Writes to this register initiate PCI bus master cycles to host memory. Valid values must be pro- 
grammed to the HXY_BASE1_ADDRESS_PTR_3D, HXY_BASE1_OFFSET0_3D, and 
HXY_BASE1_OFFSET1_3D registers prior to programming this register. The sum of these three 
registers forms the physical PCI address of the initial PC] bus master access. Note that the sum 
of the Linear_Offset0, Linear_Offset1, and Linear_Length must not be greater than 4 Mbytes. 


This register has no effect unless enabled by the Bus Master Enable bit (PCI Command[2]) and 
the HOSTXY Enable bit (HXY_HOST_CTRL_3D[0}). 


Note that length must be a non-zero value. 


Bit 
31 


30 


29:21 
20:2 


1:0 


Description 


Write_Linear: If this bit is set to ‘1’, the CL-GD5465, as a PCI bus master, writes 
linear bitmap data to host memory at addresses specified by the contents of this 
register, and the HXY_BASE1_ADDRESS_PTR_3D, 
HXY_BASE1_OFFSET0_3D, and HXY_BASEO_OFFSET1_3D registers. 


If this bit is set to ‘0’, the PCI bus master reads to host memory occur. 

Enable _CPU_Generated_Textures: If this bit is set to ‘1’, it enables CPU-gener- 
ated texture data to be fetched from host memory and is internally sent to the 
HOST_GEN_TEXT_DATA_3D port. The CPU-generated texture data is specific to 


one polygon and is fetched in a linear fashion. If this bit is set to ‘0’, the normal tiled 
texture data fetch from host memory occurs. 


Reserved: Program these bits to ‘0’. 


Length_Linear: This field is the length (in bytes) of linear access. The CL-GD5465 
automatically sets this field to 64 bytes for accesses to tiled texture maps located 
in host memory. 


Reserved: Program these bits to ‘0’ (forces length to be in dword multiples). 
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10.4.8 HXY_HOST_CTRL_3D Register 


Size (bits) 32 
MMIO Offset 4240h 
Access Type Read/Write 
Bit Description Reset Value 
31:14 Reserved 0 
13:8 Host Y Pitch 0 
7:2 Reserved 0 
1 Enable_Host_Lin_ Textures 0 
0 HostXY_ Enable 0 


This register specifies controls for the HostXY unit. 























Bit Description 
31:14 Reserved: Program these bits to ‘0’. 
13:8 Host YPitch: This field stores the host drawing XY bitmap pitch (encoded in bytes). 
ee Bitmap sie Bitmap a Bitmap one Bitmap 
ssir2itatiolola) P'S” laslralralto/ ofa) Pe jastraiatttol 9/8] PMP lslralattol of) Ptm 
000000) nwa |0 10000) na {10000 0] na ]11000 0| na 
000001] na |010001] 128 100001] 1024/110001] na 





00001 0} na }0 1001 0); na }1 000 1 0} 2048 )1 100 1 0} nia 





00011] na }0 1001 1) na |1 0 0 11} 4096 }1 10011] nia 





0010 0] nf {0 101 0 0} n/a }1 0 100); n/a }1 1010 0] na 





101 n/a 





0011 0;/ na |}0O 101 1 0) 512 |1 0 





0 

0 

00101} na }0 101 01) 256 11001 01) 1152 }1 1 0 

0 11 0; 2304 |1 1011 0) na 
001%1%14)/ na }0 101 1 1) a |1 00 0 


1 11) 4608 |}1 1041413144) Oa 





0100 0] nf {0 1100 0} n/a }101 00 0} na }1 1100 0] nia 





va |0 1100 1;/ 384 }1 0100 1) 1280 }1 11001} na 





0101 0) naa {0 1101 0} 768 |1 01 0 1 0; 2560 |1 11 01 0] nia 





01011) na }O 11014 1) Wa |1 014 01 1) 5120 }1 1101 1) nla 





0110 0/ na }0O 11 1 0 0) na |1 01 10 0) na |}1 114 1 0 0} nia 





01101] na |}O 114 1 01) 640 |1 01 1 01) 1586 }1 1141 1 0 1) nla 





0111 0;/ na }O 114 141 1 07 na |1 01 14 1 0) 3072 |1 11 1 1 0} nia 





o;};o;]o;oy;yoyoyoyoyoyoyoyoyo 
Oo 
a 
oO 
Oo 
4 


0114114) na }O 14 141 14 1) Wa |1 014 14 1:14) 6144 )1 1°14 1°14 «14 «XVa 



































May 1997 10-118 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 


10.4.8 


3D GRAPHICS ACCELERATOR REGISTERS 


HXY_HOST_CTRL_3D Register (cont.) 


Bit 
7:2 
1 


Description 
Reserved 


Enable_Host_Lin_Textures: When this bit is ‘1’ and HOSTXY_Enable[0] is ‘0’, 
host tiled textures are enabled without disabling the command FIFO. This results in 
a performance increase when the PCI bus is 66 MHz. 


NOTE: Host color or host Z-buffer cannot be used when only this bit is set. This bit is 
ignored if HXY_HOST_CTRL_3Dj[0] is ‘1’. 


HOSTXY_Enable: This bit enables PCI bus master cycles from the HostXY unit 
due to modification of the HXY_BASE1_LENGTH_3D and 
HXY_BASEO EXTENT_3D registers. Modification of these registers can occur by 
a direct CPU write, a display list instruction write, internal modification by the 
CL-GD5465 on a BitBLT (Y15 is ‘1’), or when the color and/or Z buffer is in host 
memory. 


If this bit is set to ‘1’, the PCI bus master cycles are enabled. If this bit is set to ‘0’, 
the PCI bus master cycles are disabled. Writes to the HostXY Unit register can still 
occur, but no action is initiated. 
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10.5 Mailbox Registers 


The Mailbox registers are a set of 32-bit registers for use by software. These registers are typically 
used to communicate status from display list instruction executing on the CL-GD5465 to the CPU 
by the WRITE_DEV_REGS and READ_DEV_REGS instructions. These registers are listed in 
Table 10-14 in MMIO offset order. The detailed register description is also provided in MMIO offset 


order. 


Table 10-14. Mailbox Registers 





CL-GD5465 Technical Reference Manual 





























Register Name Description Format MMIO Offset Page 
MAILBOX0_3D First mailbox 32 4260h 10-121 
MAILBOX1_3D Second mailbox 32 4264h 10-121 
MAILBOX2_3D Third mailbox 32 4268h 10-121 
MAILBOX3_3D Fourth mailbox 32 426Ch 10-121 
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10.5.1 MAILBOX{0-3} 3D Registers 


Size (bits) 32 
MMIO Offset 4260h: Mailbox 0 
MMIO Offset 4264h: Mailbox 1 
MMIO Offset 4268h: Mailbox 2 
MMIO Offset 426Ch: Mailbox 3 
Access Type Read/Write 

Bit Description 

31:0 Mailbox 


Each of these registers is for software use only. 


Bit Description 
31:0 Mailbox: Each 32-bit field stores one mailbox. 
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10.6 Prefetch Unit Registers 


The Prefetch Unit registers are listed in Table 10-15 in MMIO offset order. Detailed register 
descriptions are also provided in offset order. 


Table 10-15. Prefetch Unit Registers 


MMIO 














Register Name Description Format Offset Page 

Host memory base address for 
PF_BASE_ADDR_3D jaetvucton puter 32 4400h 10-123 
PF_CTL_3D Prefetch control 32 4404h 10-124 
PF_DEST_ADDR_3D Destination address 32 4408h 10-126 
PF_FB_SEG 3D pate: VUE 7 Seamer, lly x11 440Ch | 10-127 


WRITE_DEV_REGS to frame buffer) 





Manufacturing Test register 
PF_INST_ADDR_3D (not normally used, it is the current 32 4420h 10-128 
prefetch instruction address) 


























PF_STATUS_ 3D Prefetch status 32 4424h 10-129 
HOST_MASTER_CTL_3D PCI bus behavior control 32 4440h 10-131 
PF_INST_3D Current prefetch instruction 32 4480h 10-135 
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10.6.1 


3D GRAPHICS ACCELERATOR REGISTERS 


PF_BASE_ADDR_3D Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:12 
11:2 
{ 

0 


32 
4400h 
Read/Write 


Description 

Base Address for Instruction Buffer in Host Memory [31:12] 
Physical Range for Instruction Buffer in Host Memory 
Reserved 

Virtual and Physical Control 


This register is the host memory base address for the instruction buffer. 


Bit 
31:12 


Description 


Base Address for Instruction Buffer in Host Memory [31:12]: This 20-bit field 
has two meanings depending on the value of bit 0 of this register: It is either bits 
31:12 of the physical address corresponding to the origin of the locked physically 
contiguous instruction buffer memory space, or it is the physical address corre- 
sponding to the beginning of a 4-Kbyte locked virtual-to-physical address transla- 
tion table in off-board buffer space. This address is used in all cases as the instruc- 
tion buffer is always located in host memory. 


Physical Range for Instruction Buffer in Host Memory: When bit 0 of this reg- 
ister is ‘0’, and the PCl_Addr_Check_En bit (HOST_MASTER_CTL_3D[4)]) is ‘1’, 
this field defines the range of valid address accesses starting from the base 
address. A value of ‘0’ in this field is invalid. Values of 1 through 1023 indicate the 
number of 4-Kbyte blocks that can be legally accessed from the base address. 
Invalid accesses cause exceptions. 


Reserved: Set this bit to ‘0’. 


Virtual and Physical Control: This bit controls whether the base address field of 
this register points to a virtual address translation table or a physical address origin. 


If this bit is set to ‘1’, the (virtual) address is the physical address corresponding to 
the beginning of a 4-Kbyte locked, virtual-to-physical address translation table for 
the instruction buffer in host memory. If this bit is set to ‘0’, the (physical) address 
is the physical address corresponding to the origin of the locked, physically contig- 
uous instruction buffer in host memory. 
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10.6.2 PF_CTL_3D Register 


Size (bits) 32 
MMIO Offset 4404h 
Access Type Read/Write 
Bit Description Reset Value 
31:16 Reserved 0 
15:8 User Defined Flags 0 
7 Reserved 0 
6 Force_Wait_States 0 
5 Enable_Interrupts_from_Prefetch_Engine 0 
4 3D_Instruction_Tracking_Disable 0 
(manufacturing test purposes only) 
3 Fetch_on_Request 0 
2 Reserved 0 
1 Pause_Instruction_Fetch 0 
0 Enable_Instruction_ Fetch 0 
This register is for prefetch control. 
Bit Description 
31:16 Reserved 
15:8 User Defined Flags: These flags can be written to host memory using the 
READ_PFSTATUS_REG instruction. 
7 Reserved: Program this bit to ‘0’ 
6 Force_Wait_States: When this bit is ‘1’, it forces the prefetch engine to insert wait 


states when the transaction queue becomes full. With this option enabled, often 
only two or three PCI (wait) cycles are required, however an abort will result ina 
new PCI cycle with an additional 10—20 PCI cycles. Enable this option for 66-MHz 
PCI operation. 


When this bit is ‘0’, the cycle is aborted when the transaction queue becomes full. 
This is compatible with the CL-GD5465 behavior and incurs the 10—20 cycle pen- 
alty mentioned above. 


5 Enable_Interrupts_from_Prefetch_Engine: This bit enables interrupts of the 
host CPU by asserting the PCI INTA# output when the prefetch engine generates 
an interrupt. The prefetch engine can generate an interrupt from the IDLE_INT 
instruction or from various interrupt events as detailed in the PF_STATUS_3D reg- 
ister. 


If this bit is set to ‘1’, it enables prefetch engine-generated interrupts. If this bit is set 
to ‘0’, it disables prefetch engine generated interrupts. 
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10.6.2 PF_CTL_3D Register (cont) 


Bit 
4 


Description 


3D_Instruction_Tracking_Disable (manufacturing test purposes only): This 
bit is for manufacturing test purposes only (that is, not normally used). It disables 
prefetch engine tracking of 3D engine instruction execution. 


When this bit is disabled, the stalled instructions may not stall at the correct instruc- 
tion boundary. 


If this bit is set to ‘1’, it disables draw instruction tracking in HostXY mode. If this bit 
is set to ‘0’, it enables the draw instruction tracking. 


Fetch_on_Request: If this bit is set to ‘1’, instructions and parameters are fetched 
when requested by the execution engine to minimize the number of entries in the 
transaction queue and command FIFO. This bit must be set to ‘1’ when using 
HostXY mode. 


If this bit is set to ‘0’, instructions and parameters are prefetched to keep the trans- 
action queue and command FIFO full. This setting is recommended when not using 
HostXY mode. 


Reserved: Set this bit to ‘0’. 


Pause_Instruction_Fetch: If this bit is set to ‘1’ while in Processor mode, instruc- 
tion fetching pauses at the next instruction boundary at which point the 
Instruction_Fetch_Paused bit (PF_STATUS_3D[12]) changes from ‘0’ to ‘1’. The 
prefetch engine retains information about the next instruction address. Subse- 
quently, setting this bit to ‘0’ resumes instruction fetching. Note that it is possible for 
instructions to be in the transaction queue and command FIFO when instruction 
fetching is paused. Instruction execution does not necessarily immediately halt. 
The Fetch_Mode bit (PF_STATUS_3D[11]) remains ‘1’ when instruction fetching is 
paused. 


If this bit is ‘0’ while in Coprocessor mode, it has no effect. 


Enable_Instruction_Fetch: If this bit is set to ‘1’, it enables execution of the 
BRANCH, CBRANCH, CBRANCH_NOT, CALL, and RETURN instructions written 
to the PF_INST_3D register. The BRANCH and CALL instructions, when written to 
the PF_INST_3D register with a valid offset, begin instruction fetching (also known 
as display list fetching) from host memory. Instruction fetching and execution from 
host memory is also known as Processor mode. 


If this bit is set to ‘0’, it disables execution of the BRANCH, CBRANCH, 
CBRANCH_NOT, CALL, and RETURN instructions when written to the 
PF_INST_3D register while in Coprocessor mode. Writes to this bit do not cause 
instruction fetching to begin. 


If this bit is ‘0’ while in Coprocessor mode, it causes instruction fetching to be 
aborted. 
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10.6.3 PF_DEST_ADDR_3D Register 


Size (bits) 32 
MMIO Offset 4408h 
Access Type Read/Write 
Bit Description 
31:22 Reserved 
21:2 Destination Address [21:2] 
1 Reserved 
0 Don’t_Increment 


This register is the Prefetch Destination Address register and it provides a virtual address offset 
for data to be written back to host memory by the READ_DEV_REGS instruction. The offset is 
relative to the display list memory region defined by PF_BASE_ADDR_3D. 


This register can be written directly by the CPU or from the display list by the 
WRITE_DEST_ADDR instruction. 


Bit Description 
31:22 Reserved 
21:2 Destination Address [21:2]: This field contains the dword address offset of the 


start location where data is written by the READ _DEV_REGS instruction. The 
address used should be entirely within a locked 4-Kbyte page in physical memory 
that the requesting software controls. 


1 Reserved: Set this bit to ‘0’. 

0 Don’t_Increment: If this bit is set to ‘0’, the destination address is incremented 
after a write to host memory. If this bit is set to ‘1’, the destination address is not 
incremented. 
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10.6.4 PF_FB_SEG_3D Register 


Size (bits) 32 
MMIO Offset 440Ch 
Access Type Read/Write 
Bit Description 
31:11 Reserved 
10:0 Frame Buffer Segment 


This register is the segment within the frame buffer that is written by a WRITE_DEV_REGS 
instruction to the frame buffer. 


This register can be written directly by the CPU or from the display list by the 
WRITE_PFCTL_REG instruction. 


Bit Description 

31:11 Reserved: These bits are always ‘0’. 

10:0 Frame Buffer Segment: This 11-bit field is the frame buffer segment written by a 
WRITE_DEV_REGS instruction when it is being used to directly address the frame 
buffer. 


The entire frame buffer address is formed as indicated in the following table. No 
carry is generated between address bits 12 and 13. If the count and beginning 
address are such that a carry out of bit 12 occurs, it is ignored; the 12:2 field wraps 
to zero and the 23:13 field is not incremented. 











Address Bits Source Note 
23:13 PF_FB_SEG_3D[10:0] (this register) 
12:2 WRITE_DEV_REGS[16:6] | (the instruction) 
1:0 zeros = 
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10.6.5 PF_INST_ADDR_3D Register 


Size (bits) 32 
MMIO Offset 4420h 
Access Type Read only 
Bit Description 
31:22 Reserved 
21:2 Current Instruction Address Offset [21:2] 
1:0 Reserved 


This register is the current prefetch instruction address offset. 


Bit Description 
31:22 Reserved: These bits are always ‘0’. 
21:2 Current Instruction Address Offset [21:2]: This field contains the current instruc- 


tion address offset in dwords. 


1:0 Reserved: These bits are always ‘0’. 
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PF_STATUS 3D Register 
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Size (bits) 32 

MMIO Offset 4424h 

Access Type Read/Write 
Bit Description Access Reset Value 
31:15 Reserved Read only 0 
14 Prefetch_Interrupt_Flag Read only 0 
13 Illegal_Instruction_Flag Read only 0 
12 Instruction_Fetch_Paused Read only 0 
11 Fetch_Mode Read only 0 
10 Display_List_Switch Read/Write 0 
9 Command_FIFO_Not_Empty_Flag Read only 
8 BLT_Engine_Busy_Flag Read only 
7 HostXY_Engine_Busy_ Flag Read only 
6 Execution _Engine_Busy_ Flag Read only 
5 Poly_Engine_Busy_Flag Read only 
4 Z_Buffer_Compare_Flag Read only 
3 CRT_Display_Buffer_Switch_Flag Read only 
2 CRT_Line_Compare_Flag Read only 
1 CRT_EVBInk_Flag Read only 
0 CRT_VBInk_Flag Read only 


This register is the Prefetch Status register. It is on the PCI side of the transaction queue. A read 
takes only three PCI clocks and can occur at any time regardless of the Processor mode or 
HostXY mode operations in progress. 

Bit Description 

31:15 


14 Prefetch_Interrupt_Flag: If this read-only bit is ‘1’, it indicates the prefetch engine 
has IDLE_INT instruction. This bit is cleared to ‘0’ after a read of this register. 


Reserved: These bits are always ‘0’. 


13 lllegal_Instruction_Flag: If this read-only bit is ‘1’, it indicates the prefetch engine 
has detected an illegal instruction since the last clear of this bit. This bit is cleared 
to ‘0’ after execution of a BRANCH instruction. 


12 Instruction_Fetch_Paused: If this read-only bit is ‘1’, it indicates instruction fetch- 
ing has been paused by setting the Pause_Instruction_Fetch bit (PF_CTL_3D[1]). 


14 Fetch_Mode: If this read-only bit is ‘1’, it indicates the prefetch engine is currently 
executing a display list instruction in Processor mode. If this bit is set to ‘0’, it indi- 
cates the prefetch engine is idle and the CL-GD5465 is in Coprocessor mode. 
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10.6.6 PF_STATUS 3D Register (cont.) 


Bit 
10 


May 1997 


Description 


Display_List_Switch: This read/write bit is used in conjunction with the 
WAIT_AND or WAIT_OR instructions. If this bit is set to ‘0’ when the display list exe- 
cutes a ‘wait’ (for this bit), display list execution pauses until this bit is set to ‘1’ by 
the system CPU. 


An example application is the building of long display lists, where the system CPU 
takes longer to build new display lists than the CL-GD5465 takes to execute them. 


Command_FIFO_Not_Empty_Flag: If this read-only bit is ‘1’, it indicates the com- 
mand FIFO in the 2D/3D engine has accepted an entry at the moment this register 
was read. 


BLT_Engine_Busy_Flag: If this read-only bit is ‘1’, it indicates the BitBLT engine 
was performing an operation at the moment this register was read. 


HostXY_Engine_Busy_Flag: If this read-only bit is ‘1’, it indicates the HostXY 
engine was performing a draw operation to host memory at the moment this regis- 
ter was read. 


Execution_Engine_Busy_ Flag: If this read-only bit is ‘1’, it indicates the execu- 
tion engine was executing an instruction at the moment this register was read. 


Poly_Engine_Busy_Flag: If this read-only bit is ‘1’, it indicates the polygon engine 
was drawing at the moment this register was read. 


Z_Buffer_Compare_Flag: If this read-only bit is ‘1’, it indicates the Z-buffer com- 
pare logic gave a ‘true’ result since the last clear of this bit. 


CRT_Display_Buffer_Switch_Flag: If this read-only bit is ‘1’, it indicates that the 
CRTC has been armed for a display buffer switch, but has not yet completed the 
switch. If this bit is ‘0’, it indicates either that no display buffer switch was initiated 
or that a display buffer switch occurred since the last arming of the display buffer 
switch by the Multi-Buffer Enable bit in the Multi-Buffer Control register at MMIO off- 
set 148h. 


CRT_Line_Compare_Flag: If this read-only bit is ‘1’, it indicates the CRTC issued 
a line compare ‘true’ event (that is, the CRT vertical counter is equal to the 
CRT_LINE_ COMPARE register) since the last clear of this bit. 


CRT_EVBInk_Flag: If this read-only bit is ‘1’, it indicates the CRTC vertical counter 
and the END_VERTICAL_BLANK register were equal at the moment this register 
was read. 


CRT_VBiInk_Flag: If this read-only bit is ‘1’, it indicates the CRTC vertical counter 
and the START_VERTICAL_BLANK register were equal at the moment this regis- 
ter was read. 
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HOST_MASTER_CTL_3D Register 


3D GRAPHICS ACCELERATOR REGISTERS 


Size (bits) 32 

MMIO Offset 4440h 

Access Type Read/Write 
Bit Description Access Reset Value 
31:26 Reserved Read only 0 
25 ForceRetry TransqueBusy Read/Write 0 
24 Host_PF_XY_Mux_En Read/Write 0 
23:17 Reserved 0 
16 PCI Address_Error Read only 0 
15 Slave_Retry_Execution_Eng Read/Write 0 
14 PCI Master_Timeout_En Read/Write 0 
13 Force_IRDY_BYTEEN Read/Write 0 
12 Page _Break_Detect_En Read/Write 0 
11 Slave_Retry_Processor_Mode Read/Write 0 
10 Slave_Retry_HostXY Read/Write 0 
9:8 Bi-endian_Aperture_Mode Read/Write 0 
7 PCI Read_ Control Read/Write 0 
6 PCI Write Control Read/Write 0 
5 PCI Restart_ Master Read/Write 0 
4 PCI Addr_ Check _En Read/Write 0 
3 Target_Abort_En Read/Write 0 
2 Master_Abort_En Read/Write 0 
1 PCI Burst_Read_Disable Read/Write 0 
0 PCI Burst Write Disable Read/Write 0 


This register controls the PCI bus behavior of the CL-GD5465. It can be accessed at any time 
regardless of the HostXY mode or Processor mode operations in progress. 


Bit Description 
31:26 Reserved: These bits are always ‘0’. 
25 ForceRetryTransqueBusy: When this bit is ‘1’, any slave register write requiring 


access to the HIF bus is retried whenever the transaction queue is almost full. This 
bit is used in conjunction with bit 24 of this register. This control is similar in function 
to that provided by bits 15, 11, and 10. 


NOTE: This bit is not operational in Revisions AC or earlier. 
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10.6.7 HOST _MASTER_CTL_3D Register (cont.) 


Bit 
24 


23:17 
16 


15 


14 


13 


12 


14 


May 1997 


Description 


Host_PF_XY_Mux_En: When this bit is ‘1’, the host prefetch XY multiplexer logic 
arranges any prefetch or host XY write to the transaction queue so that normal 
slave accesses to the HIF registers are allowed while display lists or HostXY oper- 
ations are in progress. 


This is intended primarily for VGA and frame buffer accesses. A protocol must be 
established to guarantee that only one process is modifying a given area of mem- 
ory at any time. 


NOTE: This bit is not operational in Revisions AC or earlier. 


NOTE: Caution must be used to ensure that no accesses occur to registers that are being 
accessed by a running display list. 


Reserved 


PCL Address Error: If this read-only bit is ‘1’, it indicates a PCI address error was 
detected. This occurs when address checking is enabled by 
HOST _MASTER_CTL_3D/[4] and the CL-GD5465, as a PCI bus master, attempts 
to access an invalid PCI memory range. 


Slave_Retry_Execution_Eng: If this bit is set to ‘0’, it causes all non-configuration 
PCI slave accesses to the CL-GD5465 to be retried while in Processor mode. If this 
bit is set to ‘1’, these PCI slave mode accesses to the CL-GD5465 are not retried. 


PCI_MasterTimeout_En: If this bit is set to ‘1’, it enables a time-out 1024 PCI 
clocks after the latency timer has timed out. This handles the case where the PCI 
master has not completed the current cycle and appears to be hanged. This bit is 
intended primarily for debug purposes. 


NOTE: To maintain PCI 2.1 compliance, this bit should be set to ‘0’ on the CL-GD5464. 


Force_IRDY_BYTEEN: If this bit is set to ‘1’, the PCI byte C/BE# pins are driven 
to ‘fh’ on a wait state of a burst write, masking all bytes. This is not PCI compliant. 
Wher this bit is set to ‘0’, the byte enables from the last data phase carry over into 
the wait state for the next data phase. This is not PCI compliant, but less likely to 
be a problem since the byte enables rarely change during write cycles (see PCI 
specification v2.1 section 3.3.2). 


Page_Break_Detect_En: For non-paged PCI bus master accesses, if this bit is set 
to ‘1’, page-break detection at 4-Kbyte boundaries are enabled. If this bit is set to 
‘0’, page-break detection is disabled. Paged PCI bus master accesses always have 
4-Kbyte page-break detection enabled. 


Slave_Retry_Processor_Mode: If this bit is set to ‘1’, it causes all non-configura- 
tion PCI slave accesses to the CL-GD5465 to be retried while in Processor mode. 
If this bit is set to ‘0’, these PCI slave mode accesses to the CL-GD5465 are not 
retried. 
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10.6.7 HOST _MASTER_CTL_3D Register (cont.) 


Bit Description 


10 Slave_Retry_HostXY: If this bit is set to ‘1’, it causes all non-configuration PCI 
slave accesses to the CL-GD5465 to be retried while texture fetches or drawing to 
host memory in HostXY mode are in progress. If this bit is set to ‘0’, the PCI slave 
mode accesses to the CL-GD5465 are not retried. 
































9:8 Bi-Endian_Aperture_Mode: This two-bit field selects the byte swapping for all PCI 
bus master data. 
Bits Bi-Endian Master Mode 
9 8 Name Bytes in/out 
0 0 No swap 0123 => 0123 
0 1 word swap 0123 = 1032 
1 0 dword swap 0123 = 3210 
1 1 dword swap 0123 = 3210 
- PCI_Read_Control: If this bit is set to ‘1’, the PCI bus master reads multiple cycles 


occur (C/BE = 0110). If this bit is set to ‘0’, the normal PCI bus master reads occur 
(C/BE = 1100). 


6 PCI Write_Control: If this bit is set to ‘1’, the PCI bus master writes and invalid 
cycles occur (C/BE# is ‘1111’). If this bit is set to ‘0’, the normal PCI bus master 
writes occur (C/BE# is ‘0111’). 


5 PCI_Restart_Master: If this bit is set to ‘1’, the CL-GD5465 PCI bus master logic 
leaves the ABORT/ADDR_ERROR state and goes to an IDLE state. The correct 
recovery of the device is not guaranteed. This bit is intended primarily for debug 
purposes. 
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10.6.7 HOST MASTER _CTL_3D Register (cont.) 


Bit 
4 


May 1997 


Description 


PCL Addr_Check_En: For non-paged PCI bus master accesses, if this bit is set 
to ‘1’, address checking is enabled.The ranges of addresses for non-paged 
accesses are specified by the Base Address Range fields (bits 11:2) of the 
PF_BASE_ADDR_3D, HXY_BASE0O_ADDR_3D, and HXY_BASE1_ADDR_3D 
registers. 


For paged PCI bus master accesses, if this bit is set to ‘1’, it enables checking of 
the page valid bit in the current page table entry. 


For either paged or non-paged PCI bus master accesses, if the checking indicates 
an incorrect valid bit or an out-of-range address (respectively): 


e The PCI bus master cycle does not occur 
e Aninterrupt is generated (PCI bus output pin INTA# is asserted) 
e HOST _MASTER_CTL_3D[16] is changed to ‘1’ 


e The CL-GD5465 PCI bus master logic is halted (goes to an ABORT/ADDR_ERROR 
state) 


If this bit is set to ‘0’, the checking is disabled and illegal PCI bus master accesses 
are allowed. 


Target_Abort_En: If this bit is set to ‘1’, it enables PCI target-abort detection. If a 
target-abort is detected, it generates an interrupt, the PCI bus master logic is 
halted, and the PCI Status[12]is set to ‘1’. 


Master_Abort_En: If this bit is set to ‘1’, it enables PCI master-abort detection. If 
a master-abort is detected, it generates an interrupt, the PCI bus master logic is 
halted, and PCI Status[13] is set to ‘1’. 


PCI_Burst_Read_Disable: If this bit is set to ‘1’, all PCI bus master read accesses 
are single dword transfers. If this bit is set to ‘0’, read accesses greater than one in 
length are PCI v2.1 burst cycles. 


PCI_Burst_Write_Disable: If this bit is set to ‘1’, all PCI bus master write accesses 
are single dword transfers. If this bit is set to ‘0’, write accesses greater than one in 
length are PCI v2.1 burst cycles. 
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10.6.8 PF_INST_3D Register 


Size (bits) 32 
MMIO Offset 4480h 
Access Type Read/Write 
Bit Description 
31:0 PF_Instruction 


This register is written with prefetch engine instructions only; it is a port to read/write an instruction 
stream. This register is used to initiate instruction fetching from Coprocessor mode by writing a 
BRANCH opcode with an offset to the display list from the PF_BASE_ADDR_3D register. A 
BRANCH instruction causes a transition to Instruction Fetch mode, also known as Processor 


mode. 

Bit Description 

31:0 PF_Instruction: Only the following opcodes and associated parameters should be 
written to this register while in Coprocessor mode: 
BRANCH 


WRITE_DEST_ADDR 

RETURN (not normally written to this register) 

CLEAR_INT (not normally written to this register) 

SET_INT (not normally written to this register) 
TEST/TEST_AND/TEST_OR (not normally written to this register) 
NTEST_AND/NTEST_OR (not normally written to this register) 
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10.7 Host Address Registers 


The host addresses for loading instructions and Data registers are listed in Table 10-16 in MMIO 
offset order. The detailed register description is also provided in MMIO offset order. 


Table 10-16. Host Address Registers 


Description Format 


Address range for 3D instructions 
and parameters; 1 Kbytes TOES Byes 





Register Name MMIO Offset Page 







4800h—4BFFh 10-137 






HOST_3D_DATA_PORT 















HOST_TEXTURE_DATA_ 


Address range for host-generated 
PORT 1024 bytes 


texture data; 1 Kbytes eunOhen nen M188 
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10.7.1 HOST_3D_DATA_PORT Register 


Size (bytes): 1024 
MMIO Offset 4800h-4BFFh 
Access Type Read/Write 
Bit Description 
31:0 Coprocessor Mode Indirect Instructions and Parameters 


This register specifies an address range for writing 3D instructions and parameters. Each data 
load to address range 0x4800 through Ox4BFF contains the CL-GD5465 register address in the 
instruction ‘M’ field, and the number of sequential registers to load in the ‘A’ field. 


Bit Description 


31:0 Coprocessor Mode Indirect Instructions and Parameters: Only the following 
opcodes and associated parameters should be written to this range of offsets: 
DRAW_POINT 
DRAW_LINE 
DRAW_POLY 
WRITE_REGISTER 
NOP 
CLEAR 


NOTE: _ This region is burstable when TD_BURST_EN (PCIFC[14)) is ‘1’. 
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10.7.2 HOST_TEXTURE_DATA_PORT Register 


Size (bytes): 1024 
MMIO Offset 4C00h—4FFFh 
Access Type Read/Write 
Bit Description 
31:0 Texture Data 


This register specifies an address range for texture data to be written to the 3D engine. 


Bit Description 
31:0 Texture Data 
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11. VIDEO WINDOW REGISTERS 


The Laguna family supports up to eight video window registers (the CL-GD5465 supports a single 
video window). Each video window has an identical register set (the register contents can vary). 
The MMIO offsets for the respective register sets begin at 8000h for video window number zero, 
8100h for video window number one, and so on up through 8700h for video window number seven. 
In this chapter, the offset is given as 8XYY where the X is the video window number. 


The Video Window registers in the CL-GD546X are summarized in Table 11-1. These registers are 
accessible only with MMIO. 


Table 11-1. Video Window Registers Quick Reference 





MMIO Size 





























Register Name Offset | (bits) Page 
VW_HSTRT: Video Window Horizontal Start Register 8X00h 16 11-4 
VW_HEND: Video Window Horizontal End Register 8X04h 16 1145 
VW_HSDSZ: Video Window Horizontal Source Data Size Register 8X06h 16 11-6 
VW_HACCUM_STP: Video Window Horizontal Accumulator Step Register 8X08h 32 11-7 
VW_HACCUM_SD: Video Window Horizontal Accumulator Seed Register 8X0Ch 32 11-9 
VW_VSTRT: Video Window Vertical Start Register 8X10h 16 11-10 
VW_VEND: Video Window Vertical End Register 8X12h 16 1-14 
VW_VACCUM_STP: Video Window Vertical Accumulator Step Register 8X14h 32 11-12 
VW_VACCUM_SDA: Video Window Vertical Accumulator Seed A Register 8X18h 32 11-14 
VW_VACCUM_SDB: Video Window Vertical Accumulator Seed B Register 8X1Ch 32 11-15 
VW_PSD_ADDR: Video Window Primary Source Data Start Address Register 8X20h 32 11-16 





VW_SSD_ADDR: Video Window Secondary Source Data Start Address Register 8X24h 32 11-17 


VW_PSD_UVSTRT_ADDR: Video Window Primary Source Data UV Start 


Address Register 8X28h 32 11-18 





VW_SSD_UVSTRT_ADDR: Video Window Secondary Source Data UV Start 


Address Register 8X2Ch 32 11-19 




















VW_SD_PITCH: Video Window Source Data Pitch Register 8X40h 16 11-20 
VW_CLRKEY_MIN: Video Window Color Key Minimum Register 8X44h 32 11-21 
VW_CLRKEY_MAX: Video Window Color Key Maximum Register 8X48h 32 11-22 
VW_CHRMKEY_MIN: Video Window Chroma Key Minimum Register 8X4Ch 32 11-23 
VW_CHRMKEY_MAX: Video Window Chroma Key Maximum Register 8X50h 32 11-24 
VW_BRIGHT_ADJ: Video Window Brightness Adjust Register 8X54h 16 11-25 
VWZ_ORDER: Video Window Z-Order Register 8XD4h 8 11-26 
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Table 11-1. Video Window Registers Quick Reference (cont.) 


VIDEO WINDOW REGISTERS 



































Register Name ae a Page 
VW_FIFO_THRSH: Video Window FIFO Threshold Register 8XD8h 16 11-27 
VW_CONTROL1: Video Window Control Register 1 8XE0h 32 11-28 
VW_CONTROLO: Video Window Control Register 0 8XE4h 32 11-29 
VW_CAP'1: Video Window Capabilities Register 1 8XE8h 32 11-33 
VW_CAPO: Video Window Capabilities Register 0 8XECh 32 11-36 
VW_TESTO: Video Window Test Register 0 8XFOh 32 11-39 
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11.1 VW_HSTRT: Video Window Horizontal Start Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:12 
11:0 


16 

8X00h 

Read/Write 
Description Reset State 
HSTRT [15:12] 0 
HSTRT [11:0] 0 


This register specifies the number of graphics pixels from the beginning of the scanline to the left 
edge of the respective window. This register is programmed in terms of pixels. 


Bit 
15:12 


11:0 


May 1997 


Description 


HSTRT [15:12]: These bits are reserved for most-significant bits of the horizontal 
start position. They must be programmed to ‘0’ on the CL-GD5465. 


HSTRT [11:0]: This field is the number of graphics pixels from the beginning of the 
scanline to the left edge of the respective video window. This value is posted when 
the ARM bit in the respective VW_CONTROLLO is set anda VSYNC occurs. A 12-bit 
field allows the video window to begin anywhere up to 4095 pixels from the left 
edge of the screen. 
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11.2 VW_HEND: Video Window Horizontal End Register 


Size (bits) 16 

MMIO Offset 8X04h 

Access Type Read/Write 
Bit Description Reset State 
15:12 HEND [15:12] 0 
11:0 HEND [11:0] 0 


This register specifies the number of pixels from the beginning of the scanline to the right edge of 
the respective window. This register is programmed in terms of pixels. 


Bit Description 

15:12 HEND [15:12]: These bits are reserved for most-significant bits for the horizontal 
end position. They must be programmed to ‘0’ on the CL-GD5465. 

11:0 HEND [11:0]: This field is the number of graphics pixels from the beginning of the 


scanline to the right edge of the respective window. This value is posted when the 
ARM bit in the respective VW_CONTROLO is set and a VSYNC occurs. 


VW_HSTRT and VW_HEND together specify the width (in pixels) of the respective 
window. 


HWIDTH = HEND - HSTRT +1 Equation 11-1 


The minimum width of a video window is specified by VWCap1xHWidth when 
VWClkModee2x is ‘0’ and by VWCap2cHWidth when VWClkMode2x is ‘1’. 
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11.3. VW_HSDSZ: Video Window Horizontal Source Data Size Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:12 
11:0 


16 

8X06h 

Read/Write 
Description Reset State 
HSDSZ [15:12] 0 
HSDSZ [11:0] 0 


This register specifies the number of pixels fetched for the respective video window. This register 
is programmed in terms of pixels before horizontal resizing. 


Bit 
1552 


11:0 
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Description 


HSDSZ [15:12]: These bits are reserved for most-significant bits for the horizontal 
source data size. These bits must be programmed to ‘0’ on the CL-GD5465. 


HSDSZ [11:0]: This field specifies the number of graphics pixels fetched for each 
scanline of the video window. This value is posted when the ARM bit in the respec- 
tive VW_CONTROLO is set and a VSYNC occurs. 


This value is the number of pixels fetched before horizontal resizing. This is fewer 
pixels than the actual size of the window in the case of horizontal zoom, or more 
pixels than the actual size of the window in the case of horizontal shrink. The value 
that should be programmed into HSDSZ can be computed with Equation 11-2. 


HSDSZ = (HEND — HSTRT + 1) ¢ HACCUMSTP Equation 11-2 
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11.4 VW_HACCUM_STP: Video Window Horizontal Accumulator Step Register 


Size (bits) 32 
MMIO Offset 8X08h 
Access Type Read/Write 
Bit Description Reset State 
31:17 HACCUM_STP [31:17] 0 
16 HACCUM_STP [16] 1 
15:8 HACCUM_STP [15:8] 0 
7:0 HACCUM_STP [7:0] 0 


This register sets the horizontal display resizing factor for the respective video window. The 
CL-GD5465 satisfies the equation: 


HACCUMSTP: = 22OUCCe REIS 5.65536 Equation 11-3 
PixelsDisplayed 


The CL-GD5465 does not support display shrink for any window using this method; 
HACCUM_STP must not be programmed to any value greater than 1.0. Values less than 1.0 result 
in display zoom. Zooming with interpolation can be done up to about 8x. A value of 1.0 results in 
no resizing. 


This register is a 16.16 real value specifying the zoom ratio. An HACCUMSTP value less than 1.0 
represents a stretch; an HACCUMSTP value greater than 1.0 represents a shrink. Shrinking of the 
video window using this method is not implemented on the CL-GD5465 so values greater than 1.0 
are not allowed. A value of 1.0 represents a 1x zoom. 


Only the most-significant eight bits of the factional portion of the register are used. This means 
that exactly 256 different zoom rations can be specified. An HACCUMSTP value of 1.0000h rep- 
resents a 1x zoom and an HACCUMSTP of 0.2000h represents an 8x zoom. Therefore 31 of the 
possible 256 zoom ratios are not used. There are 128 attainable zoom ratios between 1x and 2x, 
64 between 2x and 4x, and 32 between 4x and 8x. 


Bit Description 
31:17 HACCUM_STP [31:17]: This field is reserved for MSBs of the integer portion of the 


accumulator step and must be programmed to zero. These bits are used for hori- 
zontal shrink, not supported on any window on the CL-GD5465. 

16 HACCUM_STP [16]: This bit is the LSB of the integer portion of the accumulator. 
For the CL-GD5465, this bit can be ‘1’ only if the fractional part is ‘0’. This combi- 
nation indicates no horizontal resizing. This value is posted when the ARM bit in 
the respective VW_CONTROLO is set and a VSYNC occurs. 

15:8 HACCUM_STP [15:8]: This field is the most-significant eight bits of the fractional 
part of the horizontal accumulator step. This is effectively the horizontal zoom factor 
for the CL-GD5465. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 
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11.4 VW_HACCUM_ STP: Video Window Horizontal Accumulator Step Register (cont.) 


Bit Description 


7:0 HACCUM_STPI[7:0]: This field is the least-significant eight bits of the fractional 
part of the horizontal accumulator step. These bits are reserved for additional pre- 
cision for the display resizing factor and must be programmed to ‘0’. 


NOTE: The CL-GD5465 performs a 1/2 filtered shrink if the VWXShrinkBy2 bit in VW_CONTROLO is ‘1’. 
This is a fixed 1/2 filtered shrink that is performed prior to any zooming specified in 
VW_HACCUM_STP. This method for shrink is available for the respective video window if 
VWCAP_XSHRINK is ‘1’ and VWCapXShrinkMethod is ‘0’. 

To perform a shrink in the range 1/2x to 1x, set the VWXShrinkBy2 bit and program HACCUMSTP 
using Equation 11-4, which is essentially a stretch from source pixels/2 up to pixels displayed. 


SourcePixels 
HACCUMSTP = — 2  -¢15 Sere 
PixelsDisplayed 7 quation 
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11.5 VW_HACCUM_SD: Video Window Horizontal Accumulator Seed Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:16 
15:8 
7:0 


32 

8X0Ch 

Read/Write 
Description Reset State 
HACCUM_SD [81:16] 0 
HACCUM_SD [15:8] 0 
HACCUM_SD [7:0] 0 


This register specifies the initial value to be loaded into the horizontal accumulator. Setting this 
number allows the interpolation weighting coefficients to be adjusted. The CL-GD5465 does not 
support horizontal shrink on any window; this register must be programmed to a value strictly less 


than one. 
Bit 
31:16 


15:8 


7:0 


Description 
HACCUM_SD [81:16]: This field is the integer portion of the accumulator seed. 
This field must always be programmed to ‘0’ for the CL-GD5465. 


HACCUM_SD [15:8]: This field is the most-significant eight bits of the fractional 
part of the horizontal accumulator seed. This value is posted when the ARM bit in 
the respective VW_CONTROLO is set and a VSYNC occurs. 

HACCUM_SD [7:0]: This field is the least-significant eight bits of the fractional part 
of the horizontal accumulator seed. This field must be programmed to ‘0’. 
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11.6 VW_VSTRT: Video Window Vertical Start Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
15:12 
11:0 


16 

8X10h 

Read/Write 
Description Reset State 
VSTRT [15:12] 0 
VSTRT [11:0] 0 


This register specifies the vertical scanline on which the respective video window starts. 


Bit 
15:12 


11:0 


May 1997 


Description 


VSTRT [15:12]: These bits extend the video window start scanline above 4096. 
This field must be programmed to ‘0’ on the CL-GD5465. 


VSTRT [11:0]: This field specifies the first scanline of the respective video window. 
If this field is programmed to 000h, the window begins at the top of the screen. This 
field allows the window to begin as far down the screen as the 4095th scanline. This 
value is posted when the ARM bit in the respective VW_CONTROLO is set and a 
VSYNC occurs. 
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11.7 VW_VEND: Video Window Vertical End Register 


Size (bits) 16 

MMIO Offset 8X12h 

Access Type Read/Write 
Bit Description Reset State 
15:12 VEND [15:12] 0 
11:0 VEND [11:0] 0 


This register specifies the vertical scanline on which the respective video window ends. 


Bit Description 

15:12 VEND [15:12]: This field extends the video window end scanline above 4096. This 
field must be programmed to ‘0’ on the CL-GD5465. 

11:0 VEND [11:0]: These bits specify the last scanline of the respective video window. 


This field allows the window to end as far down the screen as the 4095th scanline. 
This value is posted when the ARM bit in the respective VW_CONTROLO is set and 
a VSYNC occurs. 


The vertical height of a video window is determined by VEND and VSTRT. 


VHEIGHT = VEND -(VSTRT +1) Equation 11-5 
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11.8 VW_VACCUM_ STP: Video Window Vertical Accumulator Step Register 


Size (bits) 32 
MMIO Offset 8X14h 
Access Type Read/Write 
Bit Description Reset State 
31:17 VACCUM_STP [31:17] 0 
16 VACCUM_STP [16] 1 
15:8 VACCUM_STP [15:8] 0 
7:0 VACCUM_STP [7:0] 0 


This register sets the vertical display resizing factor for the respective window. The CL-GD5465 
satisfies the equation: 


VACCUMSTP = —SatrceScanlines” 465536 Equation 11-6 
ScanLinesDisplayed 


The CL-GD5465 does not support display shrink for any window; VACCUM_STP must not be pro- 
grammed to any value greater than 1.0. Values less than 1.0 result in display zoom. Vertical zoom- 
ing with interpolation can be done up to about 4x. A value of 1.0 results in no resizing. 


This register is a 16.16 real value specifying the zoom ratio. A VACCUMSTP value less than 1.0 
represents a stretch; a VACCUMSTP value greater than 1.0 represents a shrink. Shrinking of the 
video window using this method is not implemented on the CL-GD5465, so values greater than 
1.0 are not allowed. A value of 1.0 represents a 1x zoom. 


Only the most-significant eight bits of the factional portion of the register are used. This means 
that exactly 256 different zoom rations are attainable. A VACCUMSTP value of 1.0000h represents 
a 1x zoom and a VACCUMSTP of 0.2000h represents an 8x zoom. Therefore 31 of the possible 
256 zoom ratios are not used. There are 128 zoom ratios between 1x and 2x, 64 between 2x and 
4x, and 32 between 4x and 8x. 


Bit Description 
31:17 VACCUM_ STP [31:17]: This field is reserved for MSBs of the integer portion of the 


accumulator step and must be programmed to zero. These bits are used for vertical 
shrink, not supported on any window of the CL-GD5465. 


16 VACCUM_STP [16]: This bit is the LSB of the integer portion of the accumulator. 
For the CL-GD5465, this bit can be ‘1’ only if the fractional part is ‘0’. This combi- 
nation indicates no vertical resizing. This value is posted when the ARM bit in the 
respective VW_CONTROLO is set and a VSYNC occurs. 


15:8 VACCUM_STP [15:8]: This field is the most-significant eight bits of the fraction part 
of the vertical accumulator step. This is effectively the vertical zoom factor for the 
respective window. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 
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11.8 VW_VACCUM_STP: Video Window Vertical Accumulator Step Register (cont.) 


Bit Description 


7:0 VACCUM_STP [7:0]: This field is the least-significant eight bits of the fractional 
part of the vertical accumulator step. These bits are reserved for additional preci- 
sion for the display resizing factor and must be programmed to ‘0’. 


NOTE: | If VWYShrinkEn in the respective VW_CONTROL1 register is ‘1’, VACCUM_STP is a vertical 
shrink control rather than zoom control. Effectively, Equation 11-6 is inverted. This shrink method 
is available if VWCAP_YSHRINK is ‘1’ and VWWCapYShrinkMethod is ‘0’. 
To perform a shrink in the range 1/2x to 1x, set the VWYShrinkBy2 bit and program VACCUMSTP 
using Equation 11-7, which is essentially a stretch from source scanlines/2 up to scanlines dis- 
played. 


SourceScanLines 
ScanLines Displayed . quation 
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11.9 VW_VACCUM_ SDA: Video Window Vertical Accumulator Seed A Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:16 
15:8 
7:0 


32 

8X18h 

Read/Write 
Description Reset State 
VACCUM_SDA [31:16] 0 
VACCUM_SDA [15:8] 0 
VACCUM_SDA [7:0] 0 


This register specifies the accumulator seed A for the respective video window. Seed A is associ- 
ated with the even fields of a source stream when the SMTH_INT bit is enabled. If the SMTH_INT 
bit is not enabled, then seed A is the only seed used for the video window. The seed is applied for 
the entire video window frame. 


Bit 
31:16 
15:8 


7:0 


May 1997 


Description 
VACCUM_SDA [31:16]: This field is the integer part of the accumulator seed. This 
field must always be programmed to ‘0’ for the CL-GD5465. 


VACCUM_SDA [15:8]: This field is the most-significant eight bits of the fractional 
part of the vertical accumulator seed A. This value is posted when the ARM bit in 
the respective VW_CONTROLO is set and a VSYNC occurs. 


VACCUM_SDA [7:0]: This field is the least-significant eight bits of the fractional 
part of the horizontal accumulator seed. This field must be programmed to ‘0’. 
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11.10 VW_VACCUM_ SDB: Video Window Vertical Accumulator Seed B Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:16 
15:8 
7:0 


32 

8X1Ch 

Read/Write 
Description Reset State 
VACCUM_SDB [31:16] 0 
VACCUM_SDB [15:8] 0 
VACCUM_SDB [7:0] 0 


This register specifies the accumulator seed B for the respective video window. Seed B is associ- 
ated with an odd field of a source stream when the SMTH_INT bit is enabled. If the SMTH_INT bit 
is not enabled, then seed B is disabled for the video window. 


Bit 
31:16 


15:8 


7:0 


Description 


VACCUM_SDB [81:16]: This field is the integer portion of the accumulator seed. 
This field must always be programmed to ‘0’ for the CL-GD5465. 

VACCUM_SDB [15:8]: This field is the most-significant eight bits of the fractional 
part of the vertical accumulator seed B. This value is posted when the ARM bit in 
the respective VW_CONTROLO is set and a VSYNC occurs. 

VACCUM_SDB [7:0]: This field is the least-significant eight bits of the fractional 
part of the vertical accumulator seed B. This field must be programmed to ‘0’ on the 
CL-GD5465. 
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11.11 VW_PSD_ADDR: Video Window Primary Source Data Start Address Register 


Size (bits) 32 

MMIO Offset 8X20h 

Access Type Read/Write 
Bit Description Reset State 
31:23 PSD_STRT_ADDR [31:23] 0 
22:0 PSD_STRT_ADDR [22:0] 0 


This register specifies the primary source data start address of the respective video window. There 
are four source data start addresses for video windows, as shown in the following table. 











Description MMIO Offset Note 
Primary Source 8X20 ¥ Source for 
Secondary Source 8X24 YUV 4:2:0 
Primary Source UV 8X28 


UV Source for 
YUV 4:2:0 only 








Secondary Source UV 8X2C 














The UV source registers are used only when the video source data format is YUV 4:2:0 and point 
to the UV rectangle(s). The primary and secondary source registers are used as indicated in the 
following table: 



















































SMTH_INT | Primary | Secondary 
0 All fields Not used 
01 0 Not used All fields - 
10 0 Alternate fields Auto-switch on V-Port VREF 
11 0 Alternate fields Auto-switch on BLT complete 
XX 1 Even fields Odd fields Smooth interlace 
Bit Description 
31:23 PSD_STRT_ADDR [31:23]: These bits are reserved for most-significant bits of the 
primary source data start address. They must be programmed to ‘0’ on the 
CL-GD5465. 
22:0 PSD_STRT_ADDR [22:0]: This is the start address of the primary source data for 


the respective window. When the source data format is YUV 4:2:0, this field points 
to the Y data. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 


NOTE: Positioning the start address to an arbitrary pixel is supported for all video source data formats 
except possibly YUV 4:2:2 and YUV 4:2:0. For these formats, the software must program the start 
address to a DWORD (a pixel pair) if VWCAP_SD_STRT_ADDR_GRAN is ‘0’. 
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11.12 VW_SSD_ADDR: Video Window Secondary Source Data Start Address Register 


Size (bits) 32 

MMIO Offset 8X24h 

Access Type Read/Write 
Bit Description Reset State 
31:23 SSD_STRT_ADDR [81:23] 0 
22:0 SSD_STRT_ADDR [22:0] 0 


This register specifies the secondary source data start address of the respective video window. 
See Section 11.11 for a complete list of the Source Data Start Address registers. 


Bit Description 

S120 SSD_STRT_ADDR [81:23]: These bits are reserved for most-significant bits of the 
secondary source data start address. These bits must be programmed to ‘0’ on the 
CL-GD5465. 

22:0 SSD_STRT_ADDR [22:0]: This field is the start address of the secondary source 


data for the respective window. When the source data format is YUV 4:2:0, this field 
points to the Y data. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 
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11.13 VW_PSD_UVSTRT_ADDR: Video Window Primary Source Data UV Start Address 


Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:23 
22:0 


32 

8X28h 

Read/Write 
Description Reset State 
PSD_UVSTRT_ADDR [31:23] 0 
PSD_UVSTRT_ADDR [22:0] 0 


This register specifies the primary UV source data start address for the respective video window. 
See Section 11.11 for a complete list of the Source Data Start Address registers. 


Bit 
31:23 


22:0 
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Description 


PSD_UVSTRT_ADDR [81:23]: These bits are reserved for most-significant bits of 
the primary UV source data start address. These bits must be programmed to ‘0’ 
on the CL-GD5465. 


PSD_UVSTRT_ADDR [22:0]: This field is the start address of the primary UV 
source data for the respective window. When the source data format is not YUV 
4:2:0, this field is not used. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 
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11.14 VW_SSD_UVSTRT_ADDR: Video Window Secondary Source Data UV Start 
Address Register 


Size (bits) 32 

MMIO Offset 8X2Ch 

Access Type Read/Write 
Bit Description Reset State 
31:23 SSD_UVSTRT_ADDR [31:23] 0 
22:0 SSD_UVSTRT_ADDR [22:0] 0 


This register specifies the secondary source data UV start address of the respective video win- 
dow. See Section 11.11 for a complete list of the Source Data Start Address registers. 


Bit Description 
31:23 SSD_UVSTRT_ADDR [81:23]: These bits are reserved for most-significant bits of 


the secondary UV source data start address. These bits must be programmed to 
‘0’ on the CL-GD5465. 

22:0 SSD_UVSTRT_ADDR [22:0]: This field is the start address of the secondary UV 
source data for the respective window. When the source data format is not YUV 
4:2:0, this register is not used. This value is posted when the ARM bit in the respec- 
tive VW_CONTROLO is set and a VSYNC occurs. 
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11.15 VW_SD_PITCH: Video Window Source Data Pitch Register 


Size (bits) 


MMIO Offset 
Access Type 


Bit 
15 
14:0 


16 

8X40h 

Read/Write 
Description Reset State 
SD_PITCH [15] 0 
SD_PITCH [14:0] 0 


This register specifies the pitch (offset or stride) of the respective video window. This is the dis- 
tance, in bytes, between vertically adjacent pixels. For forward compatibility, this register should 
be programmed as if it were a complete 16-bit signed value. 


Bit 
15 


14:0 
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Description 


SD_PITCH [15]: This bit is an extension of the sign bit (bit 14) on a read. This bit 
is a don’t care when the pitch is written. On the CL-GD5465, this bit is not imple- 
mented and is random when the register is read back. 


SD_PITCH [14:0]: This field is the pitch value. This is a two’s complement number 
with a range of —16384 to 16383, allowing a pitch of plus or —4096 pixels with four 
bytes per pixel. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 


A negative pitch allows for a vertically flipped display. The start addresses must 
point to the beginning of the last scanline in this case. When programming a neg- 
ative pitch, the software must be certain that the source data address will not go 
below zero. 


The software must program the pitch value so that pixels (or pixel pairs in the case 
of YUV source data) are not split in the second and subsequent scanlines. In addi- 
tion, the software must program the pitch in compliance with VW_PITCH_GRAN. 
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VIDEO WINDOW REGISTERS 


11.16 VW_CLRKEY_MIN: Video Window Color Key Minimum Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:0 


32 
8X44h 


Read/Write 


Description 
CLRKEY_MIN [31:0] 


Reset State 


This register specifies the minimum color key for the respective window. There are two registers 
each for the color key and chroma key, as shown in the following table. If VWCAP_KEY does not 
match the respective window number, these four registers do not exist. In this case, the corre- 
sponding registers belonging to the indicated window is used. 





























Description MMIO Offset | OCCLUDE 
Color Key Minimum 8X44h 0001b 
Color Key Maximum 8X48h 0001b 
Chroma Key Minimum 8X4Ch 0010b 
Chroma Key Maximum 8X50h 0010b 

Bit Description 
31:0 


CLRKEY_MIN [31:0]: This field is compared to the graphics data to determine 
whether a pixel should be replaced with the corresponding pixel of video data. If 
the pixel of graphics data is within the range CLRKEY_MIN < pixel 
< CLRKEY_MAX, it is replaced. If a match on a specific color is desired, program 
CLRKEY_MIN = CLRKEY_MAX. The OCCLUDE field must be 0001b to enable 


color key occlusion. 


The graphics data format and the ALPHA_KEYCMP_EN bit determine which bits 
in this field are compared and what they are compared to, according to the following 
table. In general, this is the destination format. 


ALPHA 


Bits 





























Graphics Data Format KEYCMP_EN Compared Note 
8-bpp graphics data X 7:0 - 
16-bpp 5:5:5 graphics data (0) 15:0 Red is MSBs, Blue is LSBs 
16-bpp 5:5:5 graphics data 1 15 Single bit compare 
16-bpp 5:6:5 graphics data X 15:0 Red is MSBs, Blue is LSBs 
24-bpp 8:8:8 graphics data X 23:0 23:16 is Red, 15:8 is Green, 
32-bpp a:8:8:8 graphics data 0 23:0 7.0 is Blue 
32-bpp a:8:8:8 graphics data 1 31:24 Alpha data 














This value is posted when the ARM bit in the respective VW_CONTROLO is set 


and a VSYNC occurs. 
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11.17 VW_CLRKEY_MAX: Video Window Color Key Maximum Register 


Size (bits) 32 

MMIO Offset 8X48h 

Access Type Read/Write 
Bit Description Reset State 
31:0 CLRKEY_MAX [31:0] 0 


This register specifies the maximum color key for the respective window. See Section 11.16 fora 
complete list of the Color Key and Chroma Key registers. 


Bit Description 
31:0 CLRKEY_MAX [81:0]: This field is compared to the graphics data to determine 


whether a pixel should be replaced with the corresponding pixel of video data. If 
the pixel of graphics data is within the range CLRKEY_MIN < pixel 
< CLRKEY_MAX, it is replaced. The OCCLUDE field must be 0001b to enable 
color key occlusion. See Section 11.16 for additional information regarding which 
bits of the Color Key registers are used based on graphics data formats. This value 
is posted when the ARM bit in the respective VW_CONTROLO is set and a VSYNC 
occurs. 
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11.18 VW_CHRMKEY_MIN: Video Window Chroma Key Minimum Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:0 


32 
8X4Ch 
Read/Write 
Description Reset State 
CHRMKEY_MIN [31:0] 0 


This register specifies the minimum chroma key. See Section 11.16 for a list of the Color Key and 
Chroma Key registers. 


Bit 
31:0 


Description 


CHRMKEY_MIN [31:0]: This field is compared to the video data to determine 
whether a pixel should be replaced with the corresponding pixel of graphics data. 
If the pixel of video data is within the range CHRMKEY_MIN < pixel 
< CHRMKEY_MAXx, it is replaced. The OCCLUDE field must be 0010b to enable 
chroma key occlusion. 


The chroma key comparison is made after the chroma interpolator (after the pixel 
has been expanded to 24 bits and resized), but before the color space conversion 
(before the pixel is converted from YUV to RGB). 


If ALPHA_KEYCMP_EN is ‘0’, the chroma key is compared to the pixel according 
to the following table. In general, this is the source format. 






Chroma Key Bits | Compared to: 








23:16 Y/R 
15:8 U/G 
7:0 V/B 











If ALPHA_KEYCMP_EN is ‘1’, bits 31:24 of chroma key is compared to the alpha 
key value. This would be used only for the ARGB video source data format. This 
value is posted when the ARM bit in the respective VW_CONTROLO is set and a 
VSYNC occurs. 
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11.19 VW_CHRMKEY_MAX: Video Window Chroma Key Maximum Register 


Size (bits) 32 

MMIO Offset 8X50h 

Access Type Read/Write 
Bit Description Reset State 
31:0 CHRMKEY_MAX [31:0] 0 


This register specifies the minimum chroma key. See Section 11.16 for a complete list of Color Key 
and Chroma Key registers. 


Bit Description 
31:0 CHRMKEY_MAX [31:0]: This field is compared to the video data to determine 


whether a pixel should be replaced with the corresponding pixel of graphics data. 
If the pixel of video data is within the range CHRMKEY_MIN < pixel 
< CHRMKEY_MAX, it is replaced. The OCCLUDE field must be 0010b to enable 
chroma key occlusion. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 
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11.20 VW_BRIGHT_ADuJ: Video Window Brightness Adjust Register 


Size (bits) 16 

MMIO Offset 8X54h 

Access Type Read/Write 
Bit Description Reset State 
15:9 BRIGHT _ADu [15:9] x 
8 BRIGHT_ADu [8:0] 0 


This register adjusts the brightness of the respective video window. For forward compatibility, this 
register should be programmed as if it were a complete 16-bit signed value. 


Bit Description 

15:9 BRIGHT_ADJ [15:9]: These bits are copies of BRIGHT_ADJ[8] on a read (the sign 
is extended). These bits are don’t cares on a write. 

8:0 BRIGHT_ADJ [8:0]: This signed value is added to the Y component (luminance) 


of each pixel in the respective video window when the source data format is YUV 
4:2:2 or YUV 4:2:0. This is a signed two’s complement number with a range of —256 
to 255. The arithmetic is done as an add with saturation. If the result is greater than 
255, itis clamped at 255; if the result is less than 0, it is clamped at 0. This value is 
posted when the ARM bit in the respective VW_CONTROLO is set and a VSYNC 
occurs. 


lf VWCapRGBBrightAdjust is ‘1’, this value is applied if the source data format is 
RGB as well as YUV. 
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11.21 VWZ_ORDER: Video Window Z-Order Register 


Size (bits) 8 

MMIO Offset 8XD4h 

Access Type Read/Write 
Bit Description Reset State 
7:0 VWZ_ORDER [7:0] 0 


This register determines the z-order of the respective video window. When multiple video windows 
overlap, the values programmed into the respective VWZ_ORDER registers determine which win- 
dow is on the top. The CL-GD5465 does not support multiple video windows; this register is 
reserved for all video windows. 


Bit Description 
7:0 VWZ_ORDER [7:0]: This field is compared among overlapping windows to deter- 


mine which window is on the top (that is, displayed). The window whose 
VWZ_ORDER is lower, is on the top. The order is indeterminate if the 
VWZ_ORDER registers for multiple video windows are programmed with the same 
value. This value is posted when the ARM bit in the respective VW_CONTROLO is 
set and a VSYNC occurs. 
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11.22 VW_FIFO_THRSH: Video Window FIFO Threshold Register 


Size (bits) 


MMIO Offset 
Access Type 


Bit 
15:6 
5:0 


16 

8XD8h 

Read/Write 
Description Reset State 
VWFIFO_THRSH [15:6] 0 
VWFIFO_THRSH [5:0] 0 


This register specifies the number of valid FIFO entries remaining before the FIFO should be 
refilled. This value applies for scanlines containing the respective video window if the respective 
VWFIFO_THRSH_EN bit is ‘1’. 


Bit 
15:6 
5:0 


Description 


VWFIFO_THRSH [15:6]: These bits are reserved and must be programmed to ‘0’. 


VWFIFO_THRSH [5:0]: This field specifies the number of valid FIFO entries 
remaining before the FIFO should be refilled. Lower numbers are more aggressive 
in the sense that the FIFO is allowed to become more nearly empty before it is 
refilled. If this field is ‘0’, the FIFO is always kept full. This threshold is active during 
the video window active time if the respective VWFIFO_THRSH_EN is ‘1’. This 
value is posted when the ARM bit in the respective VW_CONTROLO is set and a 
VSYNC occurs. 


These values are calculated by Cirrus Logic based on graphics, video, and V-Port 
data demands using equations that are programmed into the standard BIOS and 
drivers. Cirrus Logic does not publish the equations. Qualified parties can obtain 
the information with the execution of an NDA (non-disclosure agreement). 


If VWCAP_VWFIFO_THRSH does not match the respective window number, this 
register does not exist. In this case, the threshold value for another window is used 
if enabled. 
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11.23 VW_CONTROL1: Video Window Control Register 1 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:5 
4 
3:2 

1 

0 


32 

8XE0h 

Read/Write 
Description Reset State 
Reserved 0 
VWGammacCorrectSecondary 0 
VWGammacCorrectPrimary 00 
VWByPassClrSpc 0 
VWYShrinkEn 0 


This register contains controls bits that do not fit into VW_CONTROLO. It should be considered an 
extension of VW_CONTROLO. 


Bit 
31:5 


4 


3:2 
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Description 


Reserved: These bits are reserved and must be programmed to ‘0’ for upward 
compatibility. 

VWGammaCorrectSecondary: When this bit is ‘1’, data displayed in the Video 
Window passes through the secondary LUT for gamma correction. This allows 
video data to be gamma corrected regardless of the graphics data format. This bit 
is not implemented on the CL-GD5465. This value is posted when the ARM bit in 
the respective VW_CONTROLO is set and a VSYNC occurs. 


VWGammaCorrectPrimary: When this field is ‘00’, Video Window data bypasses 
the primary LUT. When this field is ‘01’, Video Window data passes through the pri- 
mary LUT for gamma correction. Video gamma correction using the primary LUT 
is supported only when the graphics data format is 15, 16, 24, or 32 bpp. This value 
is posted when the ARM bit in the respective VW_CONTROLO is set and a VSYNC 
occurs. 

VWByPassClirSpc: When this bit is ‘1’, the color space converter (YUV-to-RGB) is 
bypassed for all source data formats. This value is posted when the ARM bit in the 
respective VW_CONTROLO is set and a VSYNC occurs. 

VWYShrinkEn: When this bit is ‘1’, the Video Window VACCUM_STP fraction is 
used to perform a continuous shrink (effectively inverting Equation 11-6). This 
shrink method is available if VWCAP_YSHRINK is ‘1’ and VWCapYShrinkMethod 
is ‘0’. This value is posted when the ARM bit in the respective VW_CONTROLO is 
set and a VSYNC occurs. 


This bit alters the behavior of VW_VACCUM_STP as specified in Section 11.8. 
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11.24 VW_CONTROLO: Video Window Control Register 0 


Size (bits) 
MMIO Offset 
Access Type 


Bit 

31 

30 

29 

28 
27:24 
23:20 
19:18 
17:16 
15:12 
11:8 
7:6 
5:4 

3 

2 

1 

0 


32 
8XE4h 
Read/Write 


Description Reset State 
VWXShrinkBy2 
VWClkMode2x 
VWFIFO_THRSH_EN 
ALPHA_KEYCMP_EN 
DB_VPORT_ID [3:0] 
DB_VSM_ID [3:0] 
DB_CTL [8:2] 
DB_CTL [1:0] 
SD_FRMT [7:4] 
SD_FRMT [3:0] 
OCCLUDE [8:2] 
OCCLUDE [1:0] 
SMTH_INT 
HMIRR_EN 

VWE 

ARM 


OOOO0COOCOCOOCOCOOCOCOCOCOO 


This register contains the primary controls for the respective video window. 


Bit 
31 


30 


Description 


VWXShrinkBy2: When this bit is ‘1’, the respective window uses filtered 1/2 
X-shrink (also called the CL-GD5480 method). The 1/2 shrink is performed before 
the X-zoom and is independent of the zoom hardware. This value is posted when 
the ARM bit in the respective VW_CONTROLLO is set and a VSYNC occurs. 


This bit is available only if VWCAP_XSHRINK is ‘1’ and VWCapXShrinkMethod is 
‘0’. This bit alters the behavior of VW_HACCUM_STP as specified in Section 11.8. 


VWClkMode2x: When this bit is ‘1’, the internal VCLK is doubled at the DAC and 
pixel data is clocked at two times the internal VCLK. This allows higher pixel rates 
than would otherwise be possible. This is called clock doubling. 


Clock doubling has the effect of horizontal replication in the video window. Also, 
VW_HSTRT and VW_HEND must both be multiples of two graphics pixels. The 
VWCAP_CLK_MODE_2x can be read to determine the maximum pixel rate not 
requiring clock doubling. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 


If this bit is ‘1’, VWCap2xHWidth determines the minimum window width. If this bit 
is ‘0’*, VWCap1xHWidth determines the minimum window width. 
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11.24 VW_CONTROLO: Video Window Control Register 0 (cont.) 


Bit Description 
29 VWFIFO_THRSH_EN: When this bit is ‘1’, the alternate video window FIFO 


threshold (VW_FIFO_THRSH) for the respective window is enabled. This bit is not 
posted (it takes effect immediately when written). If VWCAP_VWFIFO_THRSH 
does not match the respective window number, the threshold of the indicated win- 
dow is used. This bit is always set on the CL-GD5465. 


28 ALPHA_KEYCMP_EN: When this bit is ‘0’, the alpha channel is not used for color 
key or chroma key compare (the actual graphics or video data is used). When this 
bit is ‘0’, the alpha channel is used for color key or chroma key compare. See 
Section 11.16 and Section 11.18. This value is posted when the ARM bit in the 
respective VW_CONTROLO is set and a VSYNC occurs. 


27:24 DB_VPORT_ID [3:0]: Double-buffering VV-Port ID. This field associates the 
respective video window with a specific VV-Port. On the CL-GD5465, only one 
VV-Port is supported as input (VV-Port0). This is only used for V-Port VREF auto- 
switching. 

23:20 DB_VSW_ID [3:0]: Double-buffering VSM ID. This field associates the double-buff- 
ering address of the respective window with the video window address switch skip 
and decimations of a specific V-Port. This is only used for V-Port VREF auto-switch- 
ing (DB_CTL[1:0] =‘10’). This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 


19:18 DB_CTL [3:2]: This field is reserved and must be programmed to ‘0’. 
17:16 DB_CTL [1:0]: Video window double-buffer control. This field controls the double 
buffering of source data for the respective video window, according to the following 


table. This value is posted when the ARM bit in the respective VW_CONTROLO is 
set and a VSYNC occurs. 














DB CTL ios 
re ription N 
[1:0] Descriptio otes 
00 Use primary start address(es) vw ee aE 
01 Use secondary start address(es) vw see ee Dee 
10 Auto-switch on V-Port VREF VSM selected with DB_VSM_ID 
11 Auto-switch on BLT complete 7 











See VWCAP_SD_STRT_ADDRS_NUM for restrictions. 
15:12 SD_FRMT [7:4]: This field is reserved and must be programmed to ‘0’. 
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11.24 VW_CONTROLO: Video Window Control Register 0 (cont.) 


Bit 
11:8 


7:6 
5:4 


Description 


SD_FRMT [3:0]: Source data format. This field specifies the format of the data in 
the respective video window, according to the following table. Values not appearing 
in the table are reserved and must not be programmed. This value is posted when 
the ARM bit in the respective VW_CONTROLLO is set and a VSYNC occurs. 




















SD_FMT [3:0] Description Note 
Oh YUV 4:2:2 ITU 601 compliant YUV data 
3h YUV 4:2:0 ITU 601 compliant YUV data 
4h YUV 4:2:2 Full scale YUV data 
7h YUV 4:2:0 Full scale YUV data 
8h RGB16 5:5:5 data 
Qh RGB16 5:6:5 data 
Bh RGB32 Alpha: Red: Green: Blue 

















If VWCAP_SD_FRMT does not match the respective window number, this field is 
ignored. In this case, the SD_FRMT field of the indicated window is used. 
OCCLUDE [3:2]: This field is reserved and must be programmed to ‘0’. 


OCCLUDE [1:0]: This field controls occlusion in the respective video window, 
according to the following table. This value is posted when the ARM bit in the 
respective VW_CONTROLO is set and a VSYNC occurs. 





OCCLUDE [1:0] | Description Notes Also Called 
00b No Occlusion Video data always displayed - 
01b Color Key Display MIdeO Whleniney Destination color keying 


matches graphics 





Display graphics when key 


10b Chroma Key matches video 


Source color keying 





11b Reserved Do not use - 
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11.24 VW_CONTROLO: Video Window Control Register 0 (cont.) 


Bit 
3 


May 1997 


Description 


SMTH_INT: Smooth interlace. When this bit is ‘1’, smooth interlace is enabled for 
the respective window. Even fields of a source stream are displayed using 
VW_PSD_ADDR, VW_VW_PSD_UVSTRT_ADDR, and VACCUM_SDA registers. 
Odd fields of a source stream are displayed using VW_SDD_ADDR, 
VW_SDD_UVSTRT_ADDR, and VACCUM_SDB. The source stream can come 
from the V-Port. This value is posted when the ARM bit in the respective 
VW_CONTROLO is set and a VSYNC occurs. 


HMIRR_EN: Horizontal mirror enable. When this bit is a ‘1’, the data within each 
scanline are displayed beginning with higher addresses and moving to lower 
addresses. This has the visual effect of mirroring the data. The application sets the 
starting address register(s) to the last pixel of the first scanline. For YUV or RGB32 
source data formats, the starting address(es) must be programmed to dword 
boundaries. For RGB16 source data formats, the starting address(es) must be pro- 
grammed to word boundaries. Software must perform the pixel-to-byte conversion. 
This value is posted when the ARM bit in the respective VW_CONTROLO is set and 
a VSYNC occurs. 


VWCapHMirrStrtAddrGran specifies alignment requirements when mirroring is 
enabled. 


VWE: Video window enable. When this bit is ‘1’, it enables the respective window. 
This value is posted when the ARM bit in the respective VW_CONTROLO is set and 
a VSYNC occurs. 


ARM: When this bit is ‘1’, postable bits and fields are posted at the next post point 
(usually VSYNC). This bit is cleared to ‘0’ when posting occurs. 


To update video windows, first check this bit and wait for the hardware to clear it to 
‘0’. When this occurs, the hardware has transferred the parameters that were pre- 
viously written. Update all the registers necessary and then set this bit. Writing the 
VW_CONTROLO register last with this bit set is sufficient. On the next VSYNC, the 
Video Window registers are updated. 
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11.25 VW_CAP1: Video Window Capabilities Register 1 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:28 
27:24 
23:20 
19:17 
16 
15:12 
11:8 
7 

6 

5 

4 

3:0 


32 
8XE8h 
Read only 


Description 
VWCapHMirrStrtAddrGran [3:0] 
VWCAP_SD_STRT_ADDR_GRAN [8:0] 
VWCap2xHWidth [3:0] 
Reserved 

VWCap1xHWidth 
VWCapFIFOThrsh [3:0] 
VWCapVideoLUTNum [3:0] 
VWCapVideoLUT 
VWCapVideoLUYLocation 
VWCapYShrinkMethod 
VWCapXShrinkMethod 
VWCapRevID [3:0] 


VIDEO WINDOW REGISTERS 


This register contains controls bits that do not fit into VW_CAPABILITIESO register. It should be 
considered an extension of VW_CAPABILITIESO register. This register is not actually imple- 
mented on the CL-GD5465 in silicon revisions through AC. Rather than actually reading this reg- 
ister, applications software should assume the value. 


Bit 
31:28 


Description 


VWCapHMirrStrtAddrGran [3:0]: This field specifies the granularity of the start 
address when horizontal mirroring is enabled. This applies for all source data for- 
mats. Values not in the following table are currently undefined in this field. 























VWCapHMirrStrtAddrGran Granularity 
[3:0] 

th 128 bytes or greater 

2h 64 bytes or greater 

3h 32 bytes or greater 

4h 16 bytes or greater 

5h 8 bytes or greater 

6h 4 bytes or greater 

7h Use VWCAP_SD_STRT_ADDR_GRAN [3:0] 
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11.25 VW_CAP1: Video Window Capabilities Register 1 (cont.) 


Bit 
27:24 


23:20 


19:17 
16 


15:12 


May 1997 


Description 


VWCAP_SD_STRT_ADDR_GRAN [3:0]: This field specifies the granularity of the 
start address. This field should be used when horizontal mirroring is not enabled 
and if horizontal mirroring is enabled and VWCapHMirrStrtAddrGran is ‘7’. Values 
not in the following table are currently undefined in this field. 








VWCAP_SD_STRT_ADDR_GRAN [3:0] Granularity 
th dword (32 bit) or greater 
2h word (16 bit) or greater 
3h byte (8 bit) or greater 

















VWCap2xHWidth [3:0]: This field specifies the minimum VW_HWidth when the 
video window clock is DAC clock over two. Values not in the following table are cur- 
rently undefined in this field. 





























VWCap2xHWidth [3:0] Minimum Width 
th 16 pixels 
2h 8 pixels 
3h 4 pixels 
Ah 2 pixels 
5h 1 pixel 
Reserved 


VWCap1xHWidth: This field specifies the minimum VW_HWidth when the video 
window clock is DAC clock. When this bit is ‘0’, it indicates the minimum 
VW_HWidth is two pixels. When this bit is ‘1’, the minimum VW_HWidth is one 
pixel. This applies for all source data formats. 


VWCapFIFOThrsh [3:0]: This field indicates whether the respective window sup- 
ports its own alternate FIFO threshold and if not, which threshold is used. If this 
value matches the respective window number, the window supports its own alter- 
nate FIFO threshold and VW_FIFO_THRSH can be programmed. If this value does 
not match the respective window number, the window does not support its own 
alternate FIFO threshold, and the value indicates which threshold is used (typically 
zero). 
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11.25 VW_CAP1: Video Window Capabilities Register 1 (cont.) 


Bit Description 


11:8 VWCapVideoLUTNum [3:0]: This field is valid only wnen VWCapVideoLUT is ‘1’. 
This field indicates whether the respective video window supports a separate video 
LUT. If this value matches the respective window number, the window supports a 
separate LUT. If this value does not match the respective window number, the win- 
dow does not support a separate LUT and the value indicates which LUT is used. 


7 VWCapVideoLUT: If this bit is ‘1’, it indicates that the respective video window is 
capable of gamma correction with a separate video LUT. 
6 VWCapVideoLUTLocation: If this bit is ‘0’, it indicates that the video LUT is after 


the color-space converter. In other words, the LUT handles RGB data. If this bit is 
‘1’, it indicates that the video LUT is before the color-space converter. In other 
words, the LUT handles YUV data. 


5 VWCapYShrinkMethod: This bit, in conjunction with VWCAP_YSHRIMK, fully 
describes the Y shrink capabilities of the respective video window. This is shown in 
the following table: 





vCRE veaby Description 
YSHRINK | ShrinkMethod P 
0 X No Y shrink at all 
1 0 CL-GD5480-style fractional shrink: Uses VWYShrinkEn 





Laguna-style shrink: HACCUM_STP can be greater than 


4 : 1.0. VWYShrinkEn is ignored in this case. 




















4 VWCapXShrinkMethod: This bit, in conjunction with VWCAP_XSHRINK, 
describes the X shrink capabilities of the respective video window. This is shown in 
the following table: 


COE Mapex Description 
XSHRINK | ShrinkMethod P 
0 X No X shrink at all 
1 0 CL-GD5480-style filtered shrink by 2: Uses VWXShrinkBy2 





Laguna-style shrink: VACCUM_STP can be greater than 


d f 1.0. VWXShrinkBy? is ignored in this case. 




















3:0 VWCapRevlID [3:0]: This field returns a value that identifies the revision level of the 
Video Window Capability registers. 
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11.26 VW_CAPO: Video Window Capabilities Register 0 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:29 
28 
27:24 
23:12 
11:8 


O-NWBROON 


32 
8XECh 
Read only 


Description 
VWCAP_CLK_MODE_ 2X [2:0] 
VWCapRGBBrightAdjust 
VWCAP_PITCH_GRAN [8:0] 
VWCap_SD_FRMT_Type [11:0] 
VWCAP_SD_STRT_ADDR_NUM [3:0] 
Reserved 

VWCAP_HMIRR 

Reserved 

VWCAP_YSHRINK 
VWCAP_XSHRINK 
VWCAP_YZOOM 
VWCAP_XZOOM 
VWCAP_VW_PRESENT 


This read-only register can be interrogated to determine what capabilities the respective video 
window has. The programmer is advised to carefully read the disclaimers with each field descrip- 
tion. This register is not actually implemented on the CL-GD5465 in silicon revisions through AC. 
Rather than actually reading this register, applications software should assume the value. 


Bit 
31:29 


28 


May 1997 


Description 


VWCAP_CLK_MODE_ 2X [2:0]: This field indicates the maximum pixel clock that 
can be supported without using clock doubling, as shown in the following table. Val- 
ues not in the following table are reserved. 


VWCAP_CLK_MODE_2xX [2:0] 


0000b No restriction 











0001b 135 MHz Maximum 





VWCapRGBBrightAdjust: When this bit is ‘1’, it indicates that brightness adjust- 
ment (see Section 11.20) is applied to RGB as well as YUV source data formats. 
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11.26 VW_CAP0: Video Window Capabilities Register 0 (cont.) 


Bit Description 
27:24 VWCAP_PITCH_GRAN [3:0]: Video Window pitch granularity capabilities. This 


read-only field indicates the granularity allowed for the pitch specification for the 
respective window, as shown in the following table. Values not in the following table 
are currently undefined in this field. 


























VWCAP_PITCH_GRAN [3:0] Minimum Pitch Granularity 
Oh Byte (any granularity allowed) 
th word (LSB of VW_SD_PITCH must be ‘0’) 
2h dword (two LSBs of VW_SD_PITCH must be ‘0’) 
3h qword (three LSBs of VW_SD_ PITCH must be ‘0’) 
23:12. VWCap_SD_FRMT_Type [11:0]: This bit-significant field indicates which source 


data format types can be displayed in the respective window. A ‘1’ in the following 
table indicates the corresponding format can be displayed. 


Bit Position in Field 


Format 


Reserved 





Reserved 





RGB32 (ARGB) 





Reserved for RGB24 
RGB16 (5:6:5) 





RGB15 (5:5:5) 





Reserved for YUV 4:4:4 (full scale) 





Reserved for YUV 4:4:4 (ITU 601 compliant) 





YUV 4:2:2 (full scale) 








YUV 4:2:2 (ITU 601 compliant) 
YUV 4:2:0 (full scale) 











YUV 4:2:0 (ITU 601 compliant) 
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11.26 VW_CAP0: Video Window Capabilities Register 0 (cont.) 


Bit 
11:8 


May 1997 


Description 


VWCAP_SD_STRT_ADDR_NUM [8:0]: This read-only field indicates the number 
of source data start addresses supported for the respective video window, as 
shown in the following table. Values not in the following table are currently unde- 
fined in this field. 


























VWCAP_SD STRT_ Start Notes 
ADDR_NUM [3:0] Addresses 

Oh None VWCAP_VW_PRESENT is ‘0’. 
DB_CTL[3:0] must be programmed to ‘0’. Use 

th One primary start address registers and accumula- 
tor seed A. 

2h Two Automatic double buffering supported. 

Reserved 


VWCAP_HMIRR: This read-only field indicates whether the respective video win- 
dow is capable of horizontal mirroring. The video window is capable of horizontal 
mirroring when this bit is ‘1’. 

Reserved 

VWCAP_YSHRINK: This read-only field indicates whether the respective video 
window is capable of Y shrink. This field is used in conjunction with VWCapvY- 
ShrinkMethod. 

VWCAP_XSHRINK: This read-only field indicates whether the respective video 
window is capable of X shrink. This field is used in conjunction with VWCapX- 
ShrinkMethod. 

VWCAP_YZOOM: This read-only field indicates whether the respective video win- 
dow is capable of interpolated Y zoom. When this bit is ‘1’, it indicates it has that 
capability. Smooth interlacing is also supported when this bit is ‘1’. 
VWCAP_XZOOM: This read-only field indicates whether the respective video win- 
dow is capable of interpolated X zoom. When this bit is ‘1’, it indicates it has that 
capability. 

VWCAP_VW_PRESENT: This read-only field indicates whether the respective 
video window is implemented. When this bit is ‘1’, it indicates that it has that capa- 
bility. 
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11.27 VW_TESTO: Video Window Test Register 0 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:4 
3 

2 

{ 

0 


32 

8XFOh 

Read/Write 
Description Reset State 
Reserved 0 
Reserved 1 
VWVRepEnable 0 
VW1stRegRd 1 
VWPostlmed 0 


This register is reserved for factory testing and diagnostic use. This register should never be writ- 
ten by any application program. This register description is included for the sake of completeness. 


Bit 
31:3 
2 


Description 


Reserved 


VWVRepEnable: When this bit is ‘0’, Y-zoom uses interpolation. This is the default 
condition. When this bit is ‘1’, Y-zoom uses replication. This bit is posted immedi- 
ately. 


VW1stRegRd: When this bit is ‘1’, the first-level register is returned on a read for 
buffered registers and fields. This is the default condition. When this bit is ‘0’, the 
second-level register is returned on a read for buffered registers and fields. 


VWPostlmed: Video window post immediate. When this bit is ‘0’, the posting 
mechanism works normally; registers and fields are posted at the specified time. 
When this bit is ‘1’, buffered registers and fields for the respective video window are 
posted immediately. The normal specified posting time is ignored. The ARM bit in 
Video Window Control Register 0 is ignored. This bit is programmed to ‘0’ for nor- 
mal operation. 
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12. ENHANCED V-PORT™ REGISTERS 


The CL-GD5465 supports up to four PV-Ports (physical V-Ports), four VV-Ports (virtual V-Ports), 
and six VSMs (VSMs). Table 12-1summarizes the addresses associated with these facilities. In 
this chapter, the address from the Generic Address column are used. The Enhanced V-Port regis- 


ters in the CL-GD5465 are summarized in Table 12-2. 


Table 12-1. Enhanced V-Port™ MMIO Offsets 


















































Reaister Set Beginning Ending Generic 
9 MMIO Offset | MMIO Offset | Address 
PV-Port 0 8800h 883Ch 
PV-Port 1 8840h 887Ch 

88XX 
PV-Port 2 8880h 88BCh 
PV-Port 3 88CO0h 88FCh 
VV-Port 0 8900h 893Ch 
VV-Port 1 8940h 897Ch 

89XX 
VV-Port 2 8980h 89BCh 
VV-Port 3 89COh 89FCh 
VSM 0 8A00 8AFCh 
VSM 1 8B00 8BFCh 
VSM 2 8C00 8CFCh 

8XXX 
VSM 3 8D00 8DFCh 
VSM 4 8E00 8EFCh 
VSM 5 8F00 8FFCh 











Table 12-2. Enhanced V-Port™ Registers Quick Reference 





























Name one Size (Bits) | Page 
PV_STAT: PV-Port Status Register 88X0h 32 12-4 
PV_CONFIG: PV-Port Configuration Register 88XCh 32 25 
PV_CAP: PV-Port Capabilities Register 88X4h 32 12-7 
PV_TEST: PV-Port Test Register 88X8h 32 12-10 
VV_LN_CNT: VV-Port Valid Line Count Register 89X0h 16 12-12 
VV_LN_CMP: VV-Port Valid Line Compare Register 89X2h 16 12-18 





May 1997 12-2 


Copyright 1997 — Cirrus Logic Inc. 





CL-GD5465 Technical Reference Manual ENHANCED V-PORT™ REGISTERS 


Table 12-2. Enhanced V-Port™ Registers Quick Reference (cont.) 










































































Name aa Size (Bits) | Page 
VV_STATUS: VV-Port Status Register 89X4h 32 12-14 
VV_CONTROL: VV-Port Control Register 89X4h 32 12-15 
VV_TESTO: VV-Port Test Register 0 89X8h 32 12-17 
VV_CAP: VV-Port Capabilities Register 89XCh 32 12-18 
VSMHLEFT: VSM Horizontal Left Register 8X00h 16 12-19 
VSMHWIDTH: VSM Horizontal Width Register 8X02h 16 12-20 
VSMVTOP: VSM Vertical Top Register 8X04h 16 12-21 
VSMVHEIGHT: VSM Vertical Height Register 8X06h 16 12-22 
VSM_HACC_STP: VSM Horizontal Accumulator Step Register 8X08h 32 12-23 
VSM_VACC_STP: VSM Vertical Accumulator Step Register 8X0Ch 32 12-24 
VSM_PB_ADDR: VSM Primary Buffer Start Address Register 8X10h 32 12-25 
VSM_SB_ADDR: VSM Secondary Buffer Start Address Register 8X14h 32 12-26 
VSM_PBUV_ADDR: VSM Primary Buffer UV Start Address Register 8X18h 32 12-27 
VSM_SBUV_ADDR: VSM Secondary Buffer UV Start Address Register 8X1Ch 32 12-28 
VSM_BPitch: VSM Buffer Pitch Register 8X30h 16 12-29 
VSM_TMP_SKP_SW: VSM Temporal Skip Factor — Switch Register 8X32h 8 12-30 
ae Temporal Decimation Factor — Switch Regis- 8X33h 8 42-34 
VSM_TMP_SKP: VSM Temporal Skip Factor Register 8X34h 8 12-32 
VSM_TMP_DEC: VSM Temporal Decimation Factor Register 8X35h 8 12-33 
VSM_SRC_FMT: VSM Source Data Format Register 8X36h 8 12-34 
VSM_DST_FMT: VSM Destination Data Format Register 8X37h 8 12-35 
VSM_HFilterCtl: VSM Horizontal Filter Control Register 8X38h 8 12-36 
VSM_STATUS: VSM Status Register 8XD8h 32 12-37 
VSM_CONTROL: VSM Control Register 8XE4h 32 12-38 
VSM_CAP1:VSM Capabilities Register 1 8XE8h 32 12-41 
VSM_CAP0: VSM Capabilities Register 0 8XECh 32 12-44 
VSM_TESTO: VSM Test 0 Register 8XFOh 32 12-48 
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12.1 


PV_STAT: PV-Port Status Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:3 
2:1 
0 


32 

88X0h 

Read only 
Description 
Reserved 
PVportExternal8BitZV 
PVSenseStat 


CL-GD5465 Technical Reference Manual 


This read-only register returns status information regarding the respective PV-Port. 


Bit 
31:3 
2:1 


May 1997 


Description 
Reserved 


PVportExternal8BitZV: This field is reserved on the CL-GD5465. It has meaning 
for portable products only. The following table shows OEM-specific strapping 
options that apply to the ZV-Port conversion method used. These are status bits 
that provide information to software and have no direct effect on the operation of 
the device. 


PVportExternal8BitZV 





ZV-Port only 


Interface 









Pins 





16-bit data, HREF, VREF, CLK 




















O1b 8-bit 656 Interface 8-bit data, CLK 
10b Dual-edge clock 8-bit data, VREF, HREF, CLK 
11b Single-edge clock | 8-bit data, VREF, HREF, CLK 








PVSenseStat: This bit is reserved on the CL-GD5465 for PV-Port 0. This bit 
returns the TV attached configuration bit (RD3) on the CL-GD5465 for PV-Port 1. 


12-4 
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12.2 PV_CONFIG: PV-Port Configuration Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:15 
14 
13 
12 
11 
10 
9 

8 
7:4 
3 
2:0 


32 
88XCh 
Read/write 


Description Reset State 
Reserved 
PVportVACTConnect 
PVVreflnvert 
PVHreflnvert 
PVClocklinvert 
PVport2XIntfClk 
PVClockMode 

PVDir 

PVIntf [3:0] 

PVTstate 

Reserved 


(1 for PV-Port 1) 


OOOOCOCCOOCOCOCOC Oo 


This is the configuration register for the respective PV-Port. 


Bit 
31:15 
14 


13 


12 


11 


Description 
Reserved 


PVportVACTConnect: When this bit is ‘1’, the internal VACT signal is the HREF 
pin (after any polarity inversion). When this bit is ‘0’, the internal VACT signal is the 
VACT pin (after any polarity inversion). This bit does not affect the internal HREF 
signal; it is always the HREF pin (after any polarity inversion). This bit is not imple- 
mented on the CL-GD5465. 


PVVreflnvert: When this bit is ‘1’, the VREF from (or to) the PV-Port interface logic 
to (or from) the PV-Port stream I/O bus is inverted in the respective PV-Port. Since 
VREF on the PV-Port stream I/O bus is always active-high, this means that the 
VREF at the PV-Port interface is active-low. 


PVHreflnvert: When this bit is ‘1’, the HREF from (or to) the PV-Port interface logic 
to (or from) the PV-Port stream I/O bus is inverted in the respective PV-Port. Since 
HREF on the PV-Port stream I/O bus is always active-low (sync low), this means 
that the HREF at the PV-Port interface is active-high. 


PVClocklinvert: When this bit is ‘1’, the reference clock to the PV-Port stream I/O 
bus from the pins is inverted in the respective PV-Port. This capability can be useful 
for adjusting the phase of data at clock edges to meet internal device setup times 
when PV_CONFIGI9] is ‘0’ (single edge). 
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12.2 PV_CONFIG: PV-Port Configuration Register (cont.) 


Bit 
10 


7:4 


2:0 


May 1997 


Description 


PVport2XIntfClk: When this bit is ‘1’, the clock driving the interface pin is twice the 
clock on the PV-Port stream I/O bus. The data size on the PV-Port stream I/O bus 
is twice the interface size. The PV-Port multiplexes the data supplied at the PV-Port 
stream I/O clock rate down to the size and rate of the interface. This bit is only valid 
when PVportDir is ‘0’ (output). 


PVClockMode: When this bit is ‘1’, data and control on the PV-Port stream I/O bus 
are valid on both the rising and falling clock edge. When this bit is ‘0’", data and con- 
trol on the PV-Port stream I/O bus are valid every rising clock edge. 


PVDir: When this bit is ‘1’, the PV-Port is an input port. Data and control are trans- 
ferred from the physical pins to the PV-Port stream I/O bus. When this bit is ‘0’, the 
PV-Port is an output port. Data and control are transferred from the PV-Port stream 
I/O bus to the physical pins. This value is default for a VGA feature connector out- 
put. 


The value of this register can be propagated to the VV-Port and VSM to control their 
direction for an implementation where the connections and their direction are hard- 
wired. 


PViIntf [3:0]: This field specifies the PV-Port interface type on the physical pins, 
according to the following table. Values not enumerated in the table must not be 
programmed. 











PVIntf [3:0] Description Note 

Oh VGA-compatible 8-bit PData, CLK, HSYNC, VSYNC, 
feature connector EDCLK#, ESYNC#, EVIDEO# 

th 8-Bit VMI 8-bit PData, CLK, VSYNC, HREF, VACT 

2h 16-bit VMI 16-bit PData, CLK, VSYNC, HREF, VACT 

3h ITU 656-like 8-bit data, encoded syncs, CLK 

4h Analog output Composite sync 




















PVTstate: When this bit is ‘1’, the interface outputs on the respective PV-Port are 
put into high-impedance. The interface is still configured by both PVDir and PViIntt. 
On the CL-GD5465, the power-on state for PV-Port 1 is ‘1’. This allows the TV-Out 
interface to power up in high-impedance. On the CL-GD5465, the power-state for 
PV-Port 0 is ‘0’. 


Reserved 
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12.3 


PV_CAP: PV-Port Capabilities Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:20 
19:8 
7:4 

3 

2 

1 

0 


32 
88X4h 
Read only 


Description 
PVportCapIntflnput [11:0] 


PVportCapIntfOutput [11:0] 


PVportCapClkMode [3:0] 
PVportCap656Clk 
PVportCap656Data 
PVportCap1 6BitClk 
PVportCapPresent 


ENHANCED V-PORT™ REGISTERS 


This read-only register provides information on the capabilities of the respective PV-Port. This reg- 
ister is not actually implemented on the CL-GD5465 in silicon revisions through AC. Rather than 
actually reading this register, applications software should assume the value. 


Bit 
31:20 


Description 


PVportCapintflnput [11:0]: This bit-significant field indicates the data format and 
data width capabilities of the respective PV-Port in input mode. See PV_CAP[2] for 
a special case. A ‘1’ indicates the capabilities as shown in the following table. 
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PVportCaplintflnput [11:0] | Description Note 
11 Reserved 
10 Reserved (Future protocol) 
9 Reserved (Future protocol) 
8 Reserved (Future protocol) 
7 ITU 656 Encoded syncs 
6 Data Controlled with independent syncs 
5 Reserved (VGA-compatible control) 
4 VACT connect 
3 Reserved (Future data width) 
2 16-bit data 
1 8-bit data 
0 Reserved (Single-bit data) 
12-7 
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12.3 PV_CAP: PV-Port Capabilities Register (cont.) 


Bit 
19:8 


May 1997 


Description 


PVportCapIntfOutput [11:0]: This bit-significant field indicates the data format 
and data width capabilities of the respective PV-Port in output mode. See 
PV_CAP[2] for a special case. A ‘1’ indicates the capabilities as shown in the fol- 


lowing table. 






































PVportCapIntfOutput [11:0] Description Note 

11 Analog output 
10 Reserved (Future protocol) 
9 Reserved (Future protocol) 
8 Reserved (Future protocol) 
7 ITU 656 Encoded syncs 
6 Data Independent syncs 
5 VGA-compatible control | Transmit data and controls only 
4 Reserved (VACT connect) 
3 Reserved (Future data width) 
2 16-bit data 

1 8-bit data 

0 Reserved (Single-bit data) 
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12.3 PV_CAP: PV-Port Capabilities Register (cont.) 


Bit 
7:4 


Description 


PVportCapClkMode [3:0]: This bit-significant field indicates the data format and 
data width capabilities of the respective PV-Port in output mode. See PV_CAP{[3] 
and PV_CAP[1] for special cases. A ‘1’ indicates the capabilities as shown in the 
following table. 











PVportCapClkMode [3:0] Description 
3 1x dual edge (output mode) 
2 1x single edge (output mode) 
1 1x dual edge (input mode) 
0 1x single edge (input mode) 

















PVportCap656Clk: If this bit is ‘0’, the 656 interface is capable of single-edge 
clocking only. This applies for both input and output. If this bit is ‘1’, the capabilities 
indicated in the table in PV_CAP[7:4] apply. 


PVportCap656Data: If this bit is ‘0’, the 656 interface is capable of receiving or 
transmitting only 8-bit data. If this bit is ‘1’, the capabilities indicated in bits 3:0 of 
PV_CAP[381:20] and PV_CAP[19:8] apply. 


PVportCap16BitClk: If this bit is ‘0’, the 16-bit interface is capable of only single 
edged clocking. This applies for both input and output. If this bit is ‘1’, the capabili- 
ties indicated in PV_CAP[7:4] apply. 


PVportCapPresent: When this read-only bit is ‘1’, the respective PV-Port logic is 
implemented. 
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12.4 PV_TEST: PV-Port Test Register 


Size (bits) 32 

MMIO Offset 88X8h 

Access Type Read/write 
Bit Description Reset State 
31:9 Reserved 0 
8 PV_FIFO_TST 0 
7:5 Reserved 0 
4 PV_CLK_INT 0 
3:2 PV_DATA_TYPE [1:0] 0 
1 PV_RST_RND 0 
0 PV DG_EN 0 


This register is reserved for factory testing and diagnostic use. This register should never be writ- 
ten by any application program. This register description is included for the sake of completeness. 
The data generator is used for signature testing. This register is reserved on PV-Port 1. 


Bit Description 
31:9 Reserved 
8 PV_FIFO_TST: When this bit is ‘1’, the FIFO will become full before data is read 


from it and stored to the memory. This is intended for factory testing only. When ‘0’, 
the FIFO will become half full before data is read from it and stored to the memory. 
This is the normal mode. 


7:5 Reserved 


PV_CLK_INT: When this bit is ‘1’, the data generator clock is sourced from the 
internal VCLK. When this bit is ‘0’, the data generator clock is sourced from the 
external DCLK pin. 


3:2 PV_DATA_TYPE [1:0]: This field selects the data generator data used for capture, 
as enumerated in the following table. 











PV_DATA_TYPE [1:0] Description 
00b Zeroes 
O1b Ones 
10b Incrementing count 
11b Pseudo-random pattern 
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12.4 PV_TEST: PV-Port Test Register (cont.) 


Bit Description 
1 PV_RST_RND: When this bit is ‘1’, the pseudo-random data sequence is reset at 


the beginning of each field. When this bit is ‘0’, the pseudo-random data sequence 
is not reset at the beginning of each field. 


0 PV_DG_EN: When this bit is ‘1’, the internal V-Port data generator is enabled. This 
is used in conjunction with the signature generator for factory testing. When this bit 
is ‘0’, the data generator is disabled and the V-Port operates normally. 
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12.5 VV_LN_CNT: VV-Port Valid Line Count Register 


Size (bits) 16 

MMIO Offset 89X0h 

Access Type Read only 
Bit Description 
15:10 VVportValLnCnt [15:10] 
9:0 VVportValLnCnt [9:0] 


The VV_LN_CNT register is the valid line count register for the respective VV-Port. This is a read- 
only register. This register is reserved on PV-Port 1. 


Bit Description 


15:10 VVportValLnCnt [15:10]: These bits are reserved to extend the valid line count 
and always returns ‘0’s. 


9:0 VVportValLnCnt [9:0]: This read-only field is a count of valid lines referenced from 
the trailing edge of VREF. A line is counted as valid on the leading edge of HREF 
after VACT starts the line. If there is no VACT in the line, the line is not counted. 
Also, a line is only counted as valid after any vertical decimation and skipping. 
VV_CONTROLJ[4] determines whether any half line is counted. The counter is reset 
at the leading edge of VREF. Up to 1024 lines can be counted. 
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12.6 VV_LN_CMP: VV-Port Valid Line Compare Register 


Size (bits) 16 

MMIO Offset 89X2h 

Access Type Read/write 
Bit Description Reset State 
15:10 VVportValLnCmpr [15:10] 0 
9:0 VVportValLnCmpr [9:0] 0 


This register contains the valid line compare value for the respective VV-Port. This register is 
reserved on VV-Port 1. 


Bit Description 


15:10 VVportValLnCmpr [15:10] These bits extend the VV-Port valid line compare value 
for the respective VV-Port and must be programmed to ‘0’. 


9:0 VVportValLnCmpr [9:0]: A compare is generated when the value in this register 
matches the VV-Port valid line count (VV_IN_CNT). The status of the compare is 
reflected in VV_STATUS[0]. The compare can also generate an interrupt if the 
VV_CONTROL[2] is ‘1’. 
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12.7. VV_STATUS: VV-Port Status Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:16 
15:3 
2 

1 

0 


32 
89X4h 
Read only 


Description 
VVportVSMCapStat [15:0] 
Reserved 

VVportVrefStat 
VVportFieldIDStat 
VVportLnCmprStat 


The VV_STATUS register is the VV-Port status register. This register is reserved on VV-Port 1. 


Bit 
31:16 


15:3 


May 1997 


Description 


VVportVSMCapStat [15:0]: This read-only field is reserved on VV-Port 1. 


For VV-Port 0, bits 2:0 are bit-significant, indicating which VSM is connected to the 
VV-Port. When a bit is ‘1’, it indicates the respective VSM is processing data to or 
from memory. When a bit is ‘0’, it indicates the respective VSM is idle. This could 
either mean that processing is disabled or that video is not active (no VACT). 


Reserved 


VVportVrefStat: This read-only bit returns the realtime VREF status after any 
inversion in the respective PV-Port. A ‘1’ indicates VSYNC active. 


VVportFieldIDStat: For VV-Port 0, this read-only bit returns the Field ID status 
after any inversion as specified by VV_CONTROLJ3]. A ‘1’ indicates the odd field 
and ‘0’ indicates the even field. The field ID logic is driven from the trailing edge of 
VREF. The status bit toggles on the leading edge of VREF. Thus, for any leading 
edge VREF interrupt software, when this bit is read, it reflects the status of the pre- 
vious field. To obtain the ID of the field just completed, this bit must be inverted. This 
bit only has meaning when video source is interlaced. 


For VV-Port 1, this bit is the realtime status of the field ID generated by internal 
TV-Out logic. 


VVportLnCmprsStat: This read-only bit returns the status of the valid line compare. 
When this bit is ‘1’, the value in VV_LN_CMP matches the respective valid line 
counter. 
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12.8 VV_CONTROL: VV-Port Control Register 


Size (bits) 32 

MMIO Offset 89X4h 

Access Type Read/write 
Bit Description Reset State 
31:26 Reserved 0 
25 VVportLnintClr 0 
24 VVportVreflntClr 0 
23:18 Reserved 0 
17 VVportLnintStatus 0 
16 VVportVreflntStatus 0 
15:5 Reserved 0 
4 VVportHalfLnCntDisable 0 
3 VVportFieldIDInv 0 
2 VVportLnCmprintEn 0 
1 VVportVreflntEn 0 
0 VVportArm 0 


This register controls the respective VV-Port. This register is reserved on VV-Port 1. 


Bit Description 
31:26 Reserved 
25 VVportLnintClr: When ‘1’ and the a ‘0’ is written to this bit, VV_CONTROL[25] is 


cleared. If the interrupt pin is enabled and no other requests are pending, the inter- 
rupt request is cleared. This bit always returns ‘0’ when read. 


24 VVportVrefintCir: When ‘1’ and then a ‘0’ is written to this bit, VV_CONTROL[16] 
is cleared. If the interrupt pin is enabled and no other requests are pending, the 
interrupt request is cleared. This bit always returns ‘0’ when read. 


23:18 Reserved 


17 VVportLnintStatus: When this read-only bit is ‘1’, it indicates that the line compare 
interrupt logic has been triggered. If the interrupt pin is enabled, an interrupt 
request has been generated. This bit is cleared by a write of ‘1’ to 
VV_CONTROL[25]. 


16 VVportVrefintStatus: When this read-only bit is ‘1’, it indicates that the VREF 
interrupt logic has been triggered. If the interrupt pin is enabled, an interrupt 
request has been generated. This bit is cleared by a write of ‘1’ to 
VV_CONTROL[24]. 
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12.8 VV_CONTROL: VV-Port Control Register (cont.) 


Bit 
15:5 
4 


May 1997 


Description 
Reserved 


VVportHalfLnCntDisable: When this bit is ‘1’, the half line is not counted by the 
capture (valid line) and line counting logic. When this bit is ‘0’, the half line is 
counted. 


VVportFieldIDInv: When this bit is ‘1’, the polarity of the field decoded is inverted. 
The Field ID is generated by evaluating HREF on the trailing edge of VREF. If at 
the trailing edge of VREF, HREF is ‘1’ (line active time), the field is considered odd. 
If at the trailing edge of VREF, HREF is ‘0’ (line sync time), the field is considered 
even. This bit only has meaning when the video source is interlaced. 


VVportLnCmprintEn: When this bit is ‘1’, a match between VV_LN_CMP and the 
respective valid line counter sets VV_CONTROL[17]. If interrupts are enabled onto 
the pin, this generates an interrupt request. When this bit is ‘0’, the match does not 
set VV_CONTROL|[17] or generate an interrupt request. 


VVportVreflntEn: When this bit is ‘1’, every rising edge of VREF sets 
VV_CONTROL|[16]. If interrupts are enabled onto the pin, this generates an inter- 
rupt request. When this bit is ‘0’, the match does not set VV_CONTROL[16] or gen- 
erate an interrupt request. 


VVportArm: This is a global arming bit for all VSMs that are connected to the 
respective VV-Port. This bit overrides the individual arming bit in a respective VSM. 
When this bit is ‘1’, a register/bit is written to a secondary buffer and then used by 
the logic at the appropriate post point. This bit is cleared to ‘0’ by the hardware 
when posted. Software should ensure that this bit is ‘0’ before rearming. 
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12.9 VV_TESTO: VV-Port Test Register 0 


Size (bits) 32 
MMIO Offset 89X8h 
Access Type Read/write 
Bit Description Reset State 
31:2 Reserved 0 
1 VVportPostPntSel 1 
0 VVportPostImed 0 


This register is reserved for factory testing and diagnostic use. This register should never be writ- 
ten by any application program. This register description is included for the sake of completeness. 
This register is reserved on VV-Port 1. 


Bit Description 
31:2 Reserved 
1 VVportPostPntSel: When this bit is ‘1’, the trailing edge of VREF posts the second 


level fields and bits of all VSMs connected to the respective VV-Port. When this bit 
is ‘0’, the leading edge of VREF posts the second level fields/bits of all VSMs con- 
nected to the respective VV-Port. This applies only when the connected VSMs are 
armed through VV_CONTROLJ[0O]. 


0 VVportPostimed: When this bit is ‘1’, all buffered fields and bits are immediately 
posted when they are written. The otherwise-specified post point is ignored; 
VV_CONTROLJ0] is ignored. 
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12.10 VV_CAP: VV-Port Capabilities Register 


Size (bits) 32 
MMIO Offset 89XCh 
Access Type Read/write 
Bit Description 
31:5 Reserved 
4 VVCapLineCnt 
3:0 VVCapRevID [8:0] 


This register provides information on the capabilities of the respective VV-Port. This register is not 
actually implemented on the CL-GD5465 in silicon revisions through AC. Rather than actually 
reading this register, applications software should assume the value. 


Bit Description 
31:5 Reserved 
4 VVCapLineCnt: When this bit is ‘1’, the VV-Port capture (valid line) and line count- 


ing logic can ignore the half line, as enabled through VV_CONTROL[4]. When this 
bit is ‘0’, the half line cannot be ignored and is always counted. 


3:0 VVCapRevID [3:0]: This field returns the revision ID of the respective VV-Port. 
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12.11. VSMHLEFT: VSM Horizontal Left Register 


Size (bits) 16 

MMIO Offset 8X00h 

Access Type Read/write 
Bit Description Reset State 
15:10 VSMHLeftt [15:10] 0 
9:0 VSMHLett [9:0] 0 


This register specifies left clipping for the respective VSM. This register is reserved on VSMs 1, 2, 
and 5. On the CL-GD5465, VSM 1 does not support cropping even when used with VSM 0 for dou- 
ble buffering. 


Bit Description 

15:10 VSMHLeft [15:10]: These bits are reserved for expansion of the VSM left-clipping 
field. These bits must be programmed to ‘0’. 

9:0 VSMHLeft [9:0]: This field specifies left clipping for the respective VSM. This is the 


number of pixels to skip beginning at the leading edge of VACT. These pixels are 
not retained as destination data. The clipping occurs: 


e Before any horizontal scaling, 

e After any horizontal filtering, 

e Before any source data format conversions, and 
e Allows left clipping of up to 1024 pixels. 

This field is posted with TVREF. 


If the source data format prior to conversion is YUV 4:2:2 or YUV 4:2:0, this field 
must be programmed to an even value to skip pixel pairs (see VSM_CAPO[6]). Any 
RGB source format can be programmed in single pixels. 


If the respective VSMCapXYClip bit is ‘0’, this register does not exist. 
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12.12 VSMHWIDTH: VSM Horizontal Width Register 


Size (bits) 16 

MMIO Offset 8X02h 

Access Type Read/write 
Bit Description Reset State 
15:10 VSMHWidth [15:10] 0 
9:0 VSMHWiadth [9:0] 0 


This register specifies the number of pixel per horizontal line to be retained by the respective VSM. 
This register is reserved on VSMs 1, 2, and 5. VSM 1 does not have cropping even when used 
with VSM 0 for double buffering. 


Bit Description 

15:10 VSMHWidth [15:10]: These bits extend the horizontal width for the respective 
VSM and must be programmed to ‘0’. 

9:0 VSMHWidth [9:0]: This field specifies the number of pixels retained after any hor- 


izontal scaling, left-clipped pixels, and format conversions. This register performs 
horizontal right-side clipping. A 10-bit field allows for retaining up to 1023 pixels per 
line. This field is posted with TVREF. 


If the destination format is YUV, this must be programmed to an even value to store 
pixel pairs (see VSM_CAPOf6)). 


If the respective VSMCapXYClip bit is ‘0’, this register does not exist. 
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12.13 VSMVTOP: VSM Vertical Top Register 


Size (bits) 16 

MMIO Offset 8X04h 

Access Type Read/write 
Bit Description Reset State 
15:10 VSMVTop [15:10] 0 
9:0 VSMVTop [9:0] 0 


This register specifies top clipping for the respective VSM. This register is reserved on VSMs 1, 2, 
and 5. VSM 1 does not have cropping even when it is being used with VSM 0 for double buffering. 


Bit Description 

15:10 VSMVTop [15:10]: These bits are reserved for expansion of the VSM top-clipping 
field. These bits must be programmed to ‘0’. 

9:0 VSMVTop [9:0]: This field specifies top clipping for the respective VSM. This is the 


number of valid lines to skip beginning with the trailing edge of VREF. Lines are 
counted as having been skipped on the leading edge of HREF after VACT starts 
the line (trailing edge of VALID_LINE). Any half lines at the beginning of a field are 
not included in the count (see the definition of VALID_LINE). The clipping occurs 
before any vertical scaling. The 10-bit field allows clipping for up to 1023 lines at 
the top of the field. This field is posted with TVREF. 


There are special considerations for VSM 0. When VSM 2 is enabled 
(VSM_CONTROLJ[4] = 1), VSM 0 will not support cropping. For VSM 0, this register 
specifies the VHeight for VSM 2. 


If the respective VSMCapXYClip bit is ‘0’, this register does not exist. 
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12.14 VSMVHEIGHT: VSM Vertical Height Register 


Size (bits) 16 

MMIO Offset 8X06h 

Access Type Read/write 
Bit Description Reset State 
15:10 VSMVHeight [15:10] 0 
9:0 VSMVHeight [9:0] 0 


This register specifies the number of lines-per-field to be retained and stored into memory by the 
respective VSM. This register is reserved on VSMs 1, 2, and 5. VSM 1 does not have cropping 
even when used with VSM 0 for double buffering. The function of this register for VSM2 is served 
by VSMVTOP for VSM 0. 


Bit Description 
15:10 VSMVHeight [15:10]: These bits extend the vertical height for the respective VSM 
and must be programmed to ‘0’. 


9:0 VSMOVHeight [9:0]: This field specifies the number of valid lines to retain after any 
vertical scaling and top-clipped lines. A 10-bit field allows up to 1024 lines to be 
retained and stored. This field must be programmed to at least 1 to capture closed 
caption data. This field is posted with TVREF. 


If the respective VSMCapXYClip bit is ‘0’, this register does not exist. 
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12.15 VSM_HACC_STP: VSM Horizontal Accumulator Step Register 


Size (bits) 32 

MMIO Offset 8X08h 

Access Type Read/write 
Bit Description Reset State 
31:24 VSMHAccumSip [31:24] 0 
23:16 VSMHAccumSip [23:16] 0 
15:8 VSMHAccumSip [15:8] 0 
7:0 VSMHAccumStp [7:0] 0 


This register sets the horizontal capture resizing factor for the respective VSM. The CL-GD5465 
satisfies Equation 12-1. 


VSMHAccumSTP = (PixelsStored © 65536) - (SourcePixels — 1) Equation dea 
SourcePixels 


The constant 65536 shifts the result by 16 bits. This places the radix point between bits 16 and 15. 
The term SourcePixels —1 is added into the numerator to round up the final value. 


The CL-GD5465 only supports capture shrink; it does not support capture expand. 
VSMHAccumSTP must be programmed to 1.0 or less. A value of 1.0 results in no capture resizing. 
The radix point for this register is between bits 16 and 15. This register is reserved on VSMs 2 and 


5. 

Bit Description 

31:24 VSMHAccumStip [31:24]: These bits are reserved for the MSBs of the integer por- 
tion of the horizontal accumulator step and must be programmed to ‘0’. 

23:16 VSMHAccumStp [23:16]: This field is the integer portion of the horizontal accu- 
mulator step. This field must be programmed to a maximum of 1 on the CL-GD5465 
since the device does not support capture expand. This field is posted with TVREF. 

15:8 VSMHAccumStp [15:8]: This field is the MSBs of fractional portion of the horizon- 
tal accumulator step. This field allows for a non-integer capture shrink. This field is 
posted with TVREF. 

7:0 VSMHAccumStp [7:0]: These bits are reserved for the LSBs of the fractional por- 


tion of the horizontal accumulator step and must be programmed to ‘0’. 
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12.16 VSM_VACC_ STP: VSM Vertical Accumulator Step Register 


Size (bits) 32 

MMIO Offset 8X0Ch 

Access Type Read/Write 
Bit Description Reset State 
31:24 VSMVAccumSip [31:24] 0 
23:16 VSMVAccumStp [23:16] 0 
15:8 VSMVAccumStp [15:8] 0 
7:0 VSMVAccumStp [7:0] 0 


This register sets the vertical capture resizing factor for the respective VSM. The CL-GD5465 sat- 
isfies Equation 12-2. 


(LinesStored © 65536) + (SourceLines — 1) 


VSMVAccumSTP = - 
SourceLines 


Equation 12-2 


The constant 65536 shifts the result by 16 bits. This places the radix point between bits 16 and 15. 
The term SourceLines —1 is added into the numerator to round up the final value. 


The CL-GD5465 supports only capture shrink; it does not support capture expand. 
VSMVAccumSTP must be programmed to 1.0 or less. A value of 1.0 results in no capture resizing. 
The radix point for this register is between bits 16 and 15. This register is reserved on VSMs 2 and 


5. 

Bit Description 

31:24 VSMVAccumStp [31:24]: These bits are reserved for the MSBs of the integer por- 
tion of the vertical accumulator step and must be programmed to ‘0’. 

23:16 VSMVAccumStp [23:16]: This field is the integer portion of the vertical accumula- 
tor step. Since the device does not support capture expand, this field must be pro- 
grammed to a maximum of 1. This field is posted with TVREF. 

15:8 VSMVAccumStp [15:8]: This field is the MSBs of the fractional portion of the ver- 
tical accumulator step. This field allows for a non-integer capture shrink. This field 
is posted with TVREF. 

7:0 VSMVAccumStp [7:0]: These bits are reserved for the LSBs of the fractional por- 


tion of the vertical accumulator step and must be programmed to ‘0’. 


NOTE: — If VSM_CAPO[5] is ‘0’, the respective VSM performs the shrink using the CL-GD5480 method. In 
this method, only the fraction is programmed; the integer is ignored. A value of ‘00h’ in the fraction 
indicates that no shrink is performed (Dest = Src). For upward compatibility, the value 1.0 results 
in no capture shrink regardless of the value in VSM_CAPO[5]. 
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12.17 VSM _PB_ADDR: VSM Primary Buffer Start Address Register 


Size (bits) 32 

MMIO Offset 8X10h 

Access Type Read/write 
Bit Description Reset State 
31:23 VSMPBStrtAddr [31:23] 0 
22:0 VSMPBStrtAddr [22:0] 0 


This register specifies the primary buffer start address for the respective VSM. There are four buff- 
ers addresses for each VSM, as shown in the following table. 











Description MMIO Offset Note 
Primary buffer start address 8X10h Y rectangle for YUV 
Secondary buffer start address 8X14h aoe 
Primary UV buffer start address 8X18h UV rectangle used for 
Secondary UV buffer start address 8X1Ch MM ee OOnly 




















The UV buffers are only used when the capture format is YUV 4:2:0 and point to the UV rectangles. 
The secondary buffers are used when the respective VSM_CONTROLJ[5] is ‘1’. This register is 
reserved on VSM 5. 


Bit Description 

31:23 VSMPBStrtAddr [31:23]: These bits are reserved for the MSBs of the primary 
buffer start address. They must be programmed to ‘0’. 

22:0 VSMPBStrtAddr [22:0]: This field is the start address of the primary buffer for the 


respective video stream engine. When the VSM destination data format is YUV 
4:2:0, this points to the Y rectangle. This field is posted with TVREF. 
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12.18 VSM_SB_ ADDR: VSM Secondary Buffer Start Address Register 


Size (bits) 32 

MMIO Offset 8X14h 

Access Type Read/write 
Bit Description Reset State 
31:23 VSMSBStrtAdar [31:23] 0 
22:0 VSMSBStrtAddr [22:0] 0 


This register specifies the secondary buffer start address for the respective VSM. See 
Section 12.17 for a complete list of VSM buffer start addresses. This register is reserved on VSMs 


1 and 5. 

Bit Description 

3123 VSMSBSirtAddr [31:23]: These bits are reserved for the MSBs of the secondary 
buffer start address. They must be programmed to ‘0’. 

22:0 VSMSBStrtAddr [22:0]: This field is the start address of the secondary buffer for 


the respective VSM. When the VSM destination data format is YUV 4:2:0, this 
points to the Y data. This field is posted with TVREF. 
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12.19 VSM _PBUV_ADDR: VSM Primary Buffer UV Start Address Register 


Size (bits) 32 

MMIO Offset 8X18h 

Access Type Read/write 
Bit Description Reset State 
31:23 VSMPBUVStrtAdar [31:23] 0 
22:0 VSMPBUVStrtAdadr [22:0] 0 


This register specifies the primary UV buffer start address for the respective VSM. See 
Section 12.17 for a complete list of buffer addresses. This register is reserved on VSMs 1, 2, and 5. 


Bit Description 

31:23 VSMPBUVStrtAddr [31:23]: These bits are reserved for the MSBs of the primary 
UV buffer start address. They must be programmed to ‘0’. 

22:0 VSMPBUVStrtAddr [22:0]: This field is the start address of the primary UV buffer 


for the respective VSM. This field is not used unless the VSM destination data for- 
mat is YUV 4:2:0. This field is posted with TVREF. 
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12.20 VSM _SBUV_ADDR: VSM Secondary Buffer UV Start Address Register 


Size (bits) 32 

MMIO Offset 8X1Ch 

Access Type Read/write 
Bit Description Reset State 
31:23 VSMSBUVStrtAddr [31:23] 0 
22:0 VSMSBUVStrtAdadr [22:0] 0 


This register specifies the secondary UV buffer start address for the respective VSM. See 
Section 12.17 for a complete list of buffer start addresses. This register is reserved on VSMs 1, 2, 


and 5. 
Bit Description 
a120 VSMSBUVStrtAddr [31:23]: These bits are reserved for the MSBs of the second- 


ary UV buffer start address for the respective VSM. These bits must be pro- 
grammed to ‘0’. 


22:0 VSMOSBUVStrtAddr [22:0]: This field is the start address of the secondary UV 
buffer for the respective VSM. This field is not used unless the VSM destination 
data format is YUV 4:2:0. This field is posted with TVREF. 
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12.21 VSM_BPitch: VSM Buffer Pitch Register 


Size (bits) 16 

MMIO Offset 8X30h 

Access Type Read/write 
Bit Description Reset State 
15:0 VSMBPitch [15:0] 0 


This register specifies the pitch (or offset or stride) of the buffers for the respective VSM. This is 
the distance, in bytes, between vertically-adjacent pixels. This register is reserved on VSM 5. 


Bit Description 
15:0 VSMBPitch [15:0]: This field is the pitch value. This is a two’s complement number 


with a range of —2048 to +2047, allowing a pitch of +1024 pixels with 2 bytes per 
pixel. This field is posted with TVREF. 


A negative pitch allows for a vertically-flipped capture buffer. In this case, the start 
addresses must point to the beginning of the last scanline (of each buffer). When 
programming a negative pitch, the software must ensure that the buffer address 
does not go below zero. 
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12.22 VSM_TMP_SKP_SW: VSM Temporal Skip Factor — Switch Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7:3 
2:0 


8 

8X32h 

Read/write 
Description Reset State 
VSMTmpSkipSw [7:3] 0 
VSMTmpSkipSw [2:0] 0 


This register specifies the number of VREFs to skip before generating the display address switch 
signal for the associated video window. This register is reserved on all VSMs. 


Bit 
7:3 


2:0 


May 1997 


Description 


VSMTmpSkipSw [7:3]: These bits are reserved for extensions and must be pro- 
grammed to ‘0’. 


VSMTmpSkipSw [2:0]: This field specifies the number of VREFs to skip before 
generating the display address switch signal for the video window. A zero value 
specifies that no VREFs are skipped. This field is posted with TVREF. 
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12.23 VSM_TMP_DEC_SW: VSM Temporal Decimation Factor — Switch Register 


Size (bits) 8 

MMIO Offset 8X33h 

Access Type Read/write 
Bit Description Reset State 
7:3 VSMTmpDecSw [7:3] 0 
2:0 VSMTmpDecSw [2:0] 0 


This register specifies the number of VREFs to skip between generation of the display address 
switch for the video window. This register is reserved on all VSMs. 


Bit Description 

7:3 VSMTmpDecS&w [7:3]: These bits are reserved for extensions and must be pro- 
grammed to ‘0’. 

2:0 VSMTmpDecSw [2:0]: This field specifies the number of VREFs to skip between 


generation of the display address switch for the video window. The address switch 
generation begins when the VSM_TMP_SKIP_SW has been satisfied. A zero 
value specifies that a switch is generated for all VREFs. This field is posted with 
TVREF. 
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12.24 VSM_TMP_SKP: VSM Temporal Skip Factor Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7:3 
2:0 


8 

8X34h 

Read/write 
Description Reset State 
VSMTmpSkip [7:3] 0 
VSMTmpSkip [2:0] 0 


This register specifies the number of fields or frames to skip before capturing data. This register 
is reserved on VSM 2 and VSM 5. 


Bit 
7:3 


2:0 


May 1997 


Description 


VSMTmpSkip [7:3]: These bits are reserved for extensions and must be pro- 
grammed to ‘0’. 


VSMTmpSkip [2:0]: This field specifies the number of fields or frames to skip 
before capturing data. A zero value indicates that no fields or frames are skipped. 
This field is posted with TVREF. 
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12.25 VSM_TMP_DEC: VSM Temporal Decimation Factor Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7:3 
2:0 


8 

8X35h 

Read/write 
Description Reset State 
VSMTmpDec [7:3] 0 
VSMTmpDec [2:0] 0 


This register specifies the number of fields or frames to skip between capturing data. This register 
is reserved on VSM 5. 


Bit 
7:3 


2:0 


Description 


VSMTmpDec [7:3]: These bits are reserved for extensions and must be pro- 
grammed to ‘0’. 


VSMTmpDec [2:0]: This field specifies the number of fields or frames to skip 
between capturing data. Capture begins when VSM_TMP_SKIP has been satis- 
fied. This field is posted with TVREF. 
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12.26 VSM _SRC_FMT: VSM Source Data Format Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7:4 
3:0 


8 

8X36h 

Read/write 
Description Reset State 
Reserved 0 
VSMSrcDataFrmt [3:0] 0 


This register specifies the format of the data that is being captured by the respective VSM. 


Bit 
7:4 
3:0 


May 1997 


Description 
Reserved: These bits are reserved and must be programmed to ‘0’. 


VSMSrcDataFrmt [3:0]: This field specifies the format of the data being sourced 
to the respective VSM. Source data in one format is typically converted to destina- 
tion data in another format. The following table shows the allowable source formats. 
Do not program values not included in this table. This field is posted with TVREF. 























VSMsSrcDataFrmt [3:0] Format 
0 YUV 4:2:2 
4 RGB 5:5:5 
5 RGB 5:6:5 
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12.27 VSM_DST_FMT: VSM Destination Data Format Register 


Size (bits) 8 

MMIO Offset 8X37h 

Access Type Read/write 
Bit Description Reset State 
7:4 Reserved 0 
3:0 VSMDestDataFrmt [3:0] 0 


This register specifies the destination data format (the format in which pixels are actually stored) 
for the respective VSM. 


Bit Description 
7:4 Reserved: These bits are reserved and must be programmed to ‘0’. 
3:0 VSMDestDataFrmt [3:0]: This field specifies the format of data being stored by the 


respective VSM. The following table indicates the allowable destination data for- 
mats. Do not program values not included in this table. This field is posted with 














TVREF. 
VSMDesiDataFrmt [3:0] Format 
0 YUV 4:2:2 
1 YUV 4:2:0 
4 RGB 5:5:5 
5: RGB 5:6:5 
9 Y-only 

















The following table indicates the source format-to-destination format conversions 
supported on the CL-GD5465. YUV 4:2:2 can be converted to YUV 4:2:0 or Y-only 




















formats. 
Destination Format 
Source 
YUV 4:2:2 | RGB 5:5:5 | RGB 5:6:5 
YUV 4:2:2 Yes No No 
YUV 4:2:0 Yes No No 
RGB 5:5:5 No Yes No 
RGB 5:6:5 No No Yes 
Y-only Yes No No 
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12.28 VSM_HFilterCtl: VSM Horizontal Filter Control Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
7:2 
1:0 


8 

8X38h 

Read/write 
Description Reset State 
Reserved 0 
VSMHFilterCtl [1:0] 0 


This register specifies the horizontal filtering to be applied by the respective VSM capture logic. 
This register is reserved on VSMs 2 and 5. 


Bit 
7:2 
1:0 


May 1997 


Description 
Reserved: These bits are reserved and must be programmed to ‘0’. 


VSMHFilterCtl [1:0]: This field specifies the horizontal filtering, as shown in the fol- 
lowing table. Do not program values not included in the table. This field is posted 
with TVREF. 























VSMHFilterCtl [1:0] Horizontal Filtering 
0 Filter disabled 
1 3-tap filter 
2 5-tap filter 
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12.29 VSM_STATUS: VSM Status Register 


Size (bits) 32 

MMIO Offset 8XD8h 

Access Type Read only 
Bit Description Reset State 
31:8 Reserved 0 
7:0 VSMCapStat [7:0] 


This read-only register returns the status of the respective VSM. This register is reserved on 


VSM 5. 

Bit Description 

31:8 Reserved: Bits [31:24] are reserved for VSM 5; bits [23:18] are reserved for all 
other VSMs. 

7:0 VSMCapStat [7:0]: This read-only bit field indicates which buffer is active, as 


shown in the following table. 






VSMCapStat [7:0] 


Primary or Y-primary 
buffer active 


Primary or Y-primary 
buffer active 


Primary or Y-primary 
buffer active 





Secondary or 
0010b Y-secondary Reserved 
buffer active 


Secondary or 
Y-secondary 
buffer active 








UV-primary 
0100b butter aeive Reserved Reserved 
1000b UV-secondary Reserved Reserved 


buffer active 
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12.30 VSM CONTROL: VSM Control Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31 
30 
29:14 
13 
12 
11:8 
7:6 
5 

4 
3:1 
0 


32 

8XE4h 

Read/write 
Description Reset State 
TeleTextEn 0) 
VSMVidGammaByPass 0 
Reserved 0 
VSMFlickerFiltDisable 
VSMPALGammaEn 0 
VSMStreamAssoc [3:0] 0 
Reserved 0 
VSMSaEn 0 
VSMProcEn 0 
Reserved 
VSMArm 


This register contains the basic controls for the respective VSM. 


Bit 
31 


30 


29:14 
13 


May 1997 


Description 


TeleTextEn: When this bit is ‘1’, Tele Text data mode is enabled; a single line or mul- 
tiple lines can be captured in the VBI region. When this bit is ‘0’, Closed Caption 
data mode is enabled; a single line is captured in the odd field. The line or lines to 
capture are determined by VSM 0 VTop. This bit is enabled only if 
VSM_CONTROLJ[4] = 1. 


This definition applies only to VSM 2. This bit is reserved on VSMs 0, 1, and 5 and 
must be programmed to ‘0’. 


When VSM 2 is enabled, cropping is not supported for VSM 0. 


VSMVidGammaByPass: When this bit is ‘1’, gamma correction is disabled in the 
active video window when the source data format is RGB24. When this bit is ‘0’, 
gamma correction is disabled for all source data formats. 

This bit definition applies only to VSM 5 (TV-Out VSM). The bit is reserved on VSMs 
0, 1, and 2 and must be programmed to ‘0’. 


Reserved 


VSMFlickerFiltDisable: When this bit is ‘1’, the internal flicker filter is disabled. 
This bit is valid only for VSM 5 when integrated TV-Out is implemented. This bit is 
used only when the software determines that an integrated TV-Out solution is sup- 
ported. 
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12.30 VSM _CONTROL: VSM Control Register (cont.) 


Bit Description 


12 VSMPALGammaEn: When this bit is ‘1’, PAL gamma correction is used. When this 
bit is 0’>, NTSC gamma correction is enabled. 


This bit definition applies only to VSM 5 (TV-Out VSM). This is bit is reserved on 
VSMs 0, 1, and 2 and must be programmed to ‘0’. 


11 VSMStreamAssoc [3]: This bit is reserved for expansion and must be pro- 
grammed to ‘0’. 


10:8 VSMStreamAssoc [2:0]: This bit field specifies whether the source stream is inter- 
laced and associates the VSM with fields, as shown in the following table. Do not 
program values not shown in the table; these values are reserved. This field is 














posted with TVREF. 
VSMStreamAssoc [2:0] | Interlaced | Field mata Procese!nd 
Stored Complete On: 
000b Yes Even | Progressive | Leading edge of even 
VREF 
001b Yes Odd Progressive | Leading edge of odd 
VREF 
010b Yes Both Interleaved | Leading edge of odd 
VREF 
011b Yes Both | Progressive | Leading edge of odd 
(even to VREF 
primary; 
odd to 
secondary) 
100b Either Both | Progressive | Leading edge of VREF 


























VSM 2 shares this field with VSM 0. 


7:6 Reserved 
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12.30 VSM CONTROL: VSM Control Register (cont.) 


Bit 
5 


May 1997 


Description 


VSMSaEn: When this bit is ‘1’, the secondary buffer start address(es) are enabled. 
This bit is posted with TVREF. 


VSMProcEn: When this bit is ‘1’, VSM processing from (or to) the respective 
VV-Port stream I/O bus to (or from) the primary and/or secondary buffer is enabled. 
This is a global enable for frame buffer processing and has precedent over 
VSM_CONTROLJ[5]. 


Although processing to/from the frame buffer is disabled, the VSM can still be con- 
trolled to process data to/from the VV-Port stream I/O bus. This is important for 
TV-Out. This bit is posted with TVREF. 


Reserved 


VSMArm: This is an individual arming bit for the VSM only. The VSM is connected 
to a VV-Port that also has an arm bit. The VVArm bit overrides this bit. When this 
bit is ‘1’, a field or bit is written to a secondary buffer and then used by the logic at 
the appropriate post point (typically TVREF). This bit is cleared to ‘0’ by the hard- 
ware when posted. Software should ensure that this bit is a ‘0’ before rearming. 
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12.31 VSM _CAP1: VSM Capabilities Register 1 


Size (bits) 32 
MMIO Offset 8XE8h 
Access Type Read only 
Bit Description 
31 VSMCapTopClip 
30:28 VSMCapTmpDec [2:0] 
27:24 VSMCapTmpSkip [3:0] 
23:20 VSMCapStreamAssoc [3:0] 
19:16 VSMCapSrc [3:0] 
15:12 VSMCapDest [3:0] 
11:8 VSMCapTmp [3:0] 
7 VSMCapTmpSw 
6 VSMCapXZoom 
5 VSMCapYZoom 
4 VSMCapVOverlap 
3:0 VSMCapRevID [3:0] 


ENHANCED V-PORT™ REGISTERS 


This read-only register can be interrogated to determine the capabilities of the respective VSM. 
The programmer is advised to carefully read the disclaimers with each field description. This reg- 
ister is not implemented on the CL-GD5465 in silicon revisions through AC. Rather than actually 
reading this register, applications software should assume the value. 


Bit Description 
31 VSMCapTopClip: When this bit is ‘1’, it indicates that the respective Vertical Top 


Clip register cannot perform the intended function if VSM 2 is enabled 
(VSM_CONTROLJ[4] = 1). When this bit is ‘0’, the respective Vertical Top Clip reg- 


ister can always perform the intended function. 


30:28 VSMCapTmpDec [2:0]: This field specifies the values to program into the respec- 
tive VSM temporal skip function. This field is valid only if a separate 
VSM_TMP_DEC register is supported as indicated in VSM_CAP1[1 1:8]. 





VSMCapTmpDec [2:0] 






Values Supported 





All values 





All values 





7h or less 








Oh, 1h, and 3h 
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12.31 VSM _CAP1: VSM Capabilities Register 1 (cont.) 


Bit 
27:24 


23:20 


19:16 


15:12 


11:8 


May 1997 


Description 


VSMCapTmpSkip [3:0]: This field specifies the valid values that can be pro- 
grammed into the respective VSM’s VSM_TMP_SKP register., as shown in the fol- 
lowing table. This field is valid only if a separate VSM_TMP_SKP register is sup- 
ported as specified in VSM_CAP1[11:8]. Values not included in this table are not 
returned in this field. 

















VSMCapTmpSkip [3:0] Valid VSM_TMP_SKP 
3 All values supported 
2 7h and below 
1 2h and below 
0 Oh only 








VSMCapStreamAssoc [3:0]: When this value matched the respective VSM num- 
ber, the VSM is capable of supporting a separate stream association. When this 
value does not match the respective VSM number, the VSM cannot support a sep- 
arate stream association. In this case, the value identifies the VSM where the 
stream association is used by this VSM. 


VSMCapSrc [3:0]: When this value matches the respective VSM number, the VSM 
is capable of supporting a separate source data format. When this value does not 
match the respective VSM number, the VSM cannot support a separate source 
data format. In this case, the value identifies the VSM where the source data format 
is used by this VSM. 


VSMCapDest [3:0]: When this value matches the respective VSM number, the 
VSM is capable of supporting a separate destination data format. When this value 
does not match the respective VSM number, the VSM cannot support a separate 
destination data format. In this case, the value identifies the VSM where the desti- 
nation data format is used by this VSM. 


VSMCapTmp [38:0]: When this value matched the respective VSM number, the 
VSM is capable of supporting a separate temporal decimation and skip. When this 
value does not match the respective VSM number, the VSM cannot support a sep- 
arate temporal decimation and skip. In this case, the value identifies the VSM 
where the temporal decimation and skip is used by this VSM. 


VSMCapTmpSw: When this bit is ‘1’, the respective VSM is capable of providing 
the display address switch signal to the video window logic from the values pro- 
grammed into the VSM_TMP_DEC_SW and VSM_TMP_SKP_SW registers. 


VSMCapXZoom: When this bit is ‘1’, the respective VSM is capable of X zoom. 
VSMCapYZoom: When this bit is ‘1’, the respective VSM is capable of Y zoom. 
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12.31 VSM_CAP1: VSM Capabilities Register 1 (cont) 


Bit Description 
4 VSMCapVOverlap: When this bit is ‘1’, the respective VSM can capture vertical 


lines in the same time domain as other VSMs connected to a common VV-Port. 
This implies that the VSM has a separate FIFO to or from the frame buffer. 


When this bit is ‘0’, the vertical lines captured for VSMx connected to a common 
VV-Port can be the same as long as temporal skipping (that is, stream splitting) is 


performed. 
3:0 VSMCapRevID [3:0]: This field contains the revision ID for the respective VSM. 
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12.32 VSM_CAPO: VSM Capabilities Register 0 


Size (bits) 32 

MMIO Offset 8XECh 

Access Type Read only 
Bit Description Reset State 
31:28 VSMCapStrtAddrGran [3:0] 
27:24 VSMCapBufNum [8:0] 
23:16 VSMCapDestConvert [7:0] 
15:12 VSMCapPitchGran [3:0] 
11:8 VSMCapHFilter [3:0] 0 
7 VSMCapHWidthGran 0 
6 VSMCapHLeftGran 1 
5 VSMCapYShrinkMethod 0 
4 VSMCapXShrinkMethod 0 
3 VSMCapY Shrink 1 
2 VSMCapXShrink 1 
1 VSMCapXYClipStart 1 
0 VSMCapPreset 1 


This read-only register can be interrogated to determine the capabilities of the respective VSM. 
The programmer is advised to carefully read the disclaimers with each field description. This reg- 
ister is not implemented on the CL-GD5465 in silicon revisions through AC. Rather than actually 
reading this register, applications software should assume the value. 


Bit Description 
31:28 VSMCapSirtAddrGran [3:0]: This field indicates the permissible start address 


granularity for the respective VSM. This applies to both the Y and UV planes when 
the destination data format is YUV 4:2:0. 





VSMCapSirtAddrGran [3:0] Granularity 









Byte granularity or greater allowed for pitch 














th Word granularity or greater allowed for pitch 
2h dword granularity or greater allowed for pitch 
3h qword granularity or greater allowed for pitch 
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12.32 VSM CAPO: VSM Capabilities Register 0 (cont.) 


Bit Description 
27:24 VSMCapBufNum [3:0]: This read-only field indicates the number of buffers sup- 


ported by the respective VSM, as shown in the following table. Values not included 
in the table are undefined. 





























VSMCapBufNum [3:0] ree Note 
Oh None VSM_CAPO[0] = 0 
th One Primary 
2h Two Primary, secondary 
3h Three Primary, secondary, primary UV 
4h Four Primary, secondary, primary UV, secondary UV 
23:16 VSMCapDestConvert [7:0]: This bit-significant field indicates the source to desti- 


nation conversions supported by the respective VSM. A ‘1’ indicates that the corre- 
sponding conversion is supported. Conversions indicated by bits 0, 3, and 4 sup- 
port the capture of all bytes in the correct order for VBI data. 
































VSMCapDestConvert [7:0] Conversions Captures all Bytes? 
7:5 Reserved 

4 RGB 5:6:5 to RGB 5:6:5 | Yes 
3 RGB 5:5:5 to RGB 5:5:5 | Yes 
2 YUV 4:2:2 to Y-only 

1 YUV 4:2:2 to YUV 4:2:0 

0 YUV 4:2:2 to YUV 4:2:2 | Yes 

15:12 VSMCapPitchGran [3:0]: This read-only bit field indicates the pitch granularity 


capability of the respective VSM, as shown in the following table. Values not 
included in the table are undefined. 











VSMCapPitchGran [3:0] Description 
Oh Byte granularity 
th Word granularity 
2h dword granularity 
3h qword granularity 
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12.32 VSM CAPO: VSM Capabilities Register 0 (cont.) 


Bit 
11:8 


May 1997 


Description 


VSMCapHfFilter [3:0]: This read-only bit field indicates the capture filtering capa- 
bility of the respective VSM, according to the following table. Values not in this table 
are undefined. 





VSMCapHFilter [3:0] Description 
th No filtering 
Oh Filtering on YUV 4:2:2 source only 

















VSMCapHWidthGran: This bit indicates the horizontal-width granularity sup- 
ported by the respective VSM. A ‘0’ indicates that the width has to be a multiple of 
dwords (pixel pairs). When ‘1’, the granularity is single pixel for all destination for- 
mats. This bit is valid only if VSMCapXYClip = 1. 


VSMCapHLeftGran: This bit indicates the horizontal left-clipping granularity sup- 
ported by the respective VSM. A ‘0’ indicates that when the source data format is 
4:2:2, only pixel pair clipping is supported. When this bit is ‘1’, single pixel clipping 
is supported for all source data formats. This bit is valid only if VSM_CAPO[1] is ‘1’, 
and YUV 4:2:0 or YUV 4:2:2 destination format conversion is supported. 


VSMCapYShrinkMethod: This read-only bit in conjunction with VSM_CAPO[3] 
indicates the Y capture (vertical) shrink capabilities of the respective VSM, as 
shown in the following table. 


VSMCapYShrinkMethod | VSM_CAPO[3] Y Capture Shrink Method 














x 0 No Y shrink 
0 1 CL-GD5480 method 
1 1 VSM_VACC_STP can be > 1.0 
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12.32 VSM CAPO: VSM Capabilities Register 0 (cont.) 


Bit Description 


4 VSMCapXShrinkMethod: This read-only bit in conjunction with VSM_CAPO[2], 
indicates the capture X (horizontal) shrink capability of the respective VSM, as 
shown in the following table. 


























VSMCapXShrinkMethod VSM_CAPO[2] X Shrink Method 
X 0 No X shrink 
0 1 CL-GD5480 method 
1 1 VSM_HACC_STP can be > 1.0 
3 VSMCapYShrink: This read-only bit is used with VSM_CAPO[5]. 
VSMCapXShrink: This read-only bit is used with VSM_CAPO[4]. 
1 VSMCapXYClip: This read-only bit indicates whether the respective VSM supports 


clipping. When this bit is ‘1’, the VSM can perform clipping (that is, it supports 
VSMHLeft, VSMVTop, VSMHWidth, and VSMVHeight). 


0 VSMCapPreset: This read-only bit indicates whether the respective VSM is imple- 
mented. When this bit is ‘1’, the respective VSM is implemented. 


Copyright 1997 — Cirrus Logic Inc. 12-47 May 1997 


ENHANCED V-PORT™ REGISTERS CL-GD5465 Technical Reference Manual 


12.33 VSM_TESTO: VSM Test 0 Register 


Size (bits) 
MMIO Offset 
Access Type 


Bit 
31:5 
4 


3 
2 
1 
0 


32 
8XFOh 
Read/write 


Description Reset State 
Reserved 0 
FIRFilterByPass 0 
GammaByPass 0 
VSM1stRegRd 1 
VSMPostPntSel 1 
VSMPostlmed 0 


This register is reserved for factory testing and diagnostic use. This register should never be writ- 
ten by any application program. This register description is included for the sake of completeness. 


Bit 
31:5 
4 


May 1997 


Description 
Reserved 


FIRFilterByPass: When this bit is ‘1’, the TV-Out anti-alias filter is bypassed. This 
bit is only valid for VSM 5. It is reserved and must be programmed to ‘0’ for all other 
VSMs. 


GammaBypPass: When this bit is ‘1’, TV-Out gamma correction is bypassed. This 
bit is only valid for VSM 5. It is reserved and must be programmed to ‘0’ for all other 
VSMs. 


VSM1stRegRd: When this bit is ‘1’, the first-level register for a field or bit that is 
buffered is returned on a read. This is the default. When this bit is ‘0’, the second- 
level register is returned. 


VSMPostPntSel: When this bit is ‘1’, the trailing edge of VREF is the pointing point 
for the respective VSM. When this bit is ‘0’, the leading edge of VSM is the pointing 
point for the respective VSM. This bit has the following properties: 


e Applied only to buffered registers or bits in an individual VSM. 

e Only applies when the individual VSM is armed through VSM_CONTROL[0]. 

e VSM_TESTO[1] can override any posting point selected in the individual VSM test reg- 
ister, but only if the register or bit is armed with VSM_CONTROLJ[0]. 


VSMPostlmed: When this bit is ‘1’, all buffered fields/bits are posted immediately. 
The otherwise specified posting point is ignored. The respective VSMArm bit must 
still be set to load the value into the second register. This bit has the following prop- 
erties. This is an individual post immediate and has the following properties: 

e Applied only to buffered registers/bits in an individual VSM. 


e Only applies when the individual VSM is armed through VSM_CONTROL[0]. 
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13. 


13.1 


13.1.1 


PROGRAMMING MODELS 


This chapter describes the 2D and 3D engine programming models. 


2D Programming Model 


This section covers three of the four CL-GD5465 programming models: a super VGA controller, 
an advanced 2D accelerator, and a flat frame buffer. The 3D programming model is described in 
Section 13.2 and Chapter 15, “3D Programmer’s Guide”. 


The super VGA controller is programmed like any compatible VGA by I/O registers and the display 
memory mapped into the AOOOOh-BFFFFh address range on the host. The 2D accelerator pro- 
vides hardware assisted drawing operations to the frame buffer and is accessed by Memory- 
Mapped registers. The flat-frame buffer is controlled by Memory-Mapped registers and is 
accessed through 8-Mbyte apertures in the host memory address space. Bi-endian support is pro- 
vided for the 2D accelerator and flat-frame buffer modes of operation. 


VGA 


The CL-GD5465 VGA module provides compatibility with earlier graphics controllers based on the 
VGA. 


13.1.2 2D Engine 


The control unit contains the Immediate and General registers, the drawing control, and the com- 
mand/data FIFO. The pixel path contains the three operand fetch units (OQFU0, OFU1, OF U2), the 
ROPs unit, the transparency control, and the pixel FIFO. The frame buffer consists of 1, 2, 4 or 8 
Mbytes of Rambus RDRAM memory. 


Writes to the Immediate registers became effective immediately and do not go through the write 
FIFO. These are used to read 2D engine status and write general control information. Writes to 
the General registers are queued through the 25-entry write FIFO and are used to set drawing 
parameters and initiate drawing operations. During a BitBLT operation, color pixel data is loaded 
into SRAMO. Color and/or monochrome pixel data is loaded into SRAM1 and SRAM2. Mono- 
chrome data is converted to color using the Foreground and Background Color registers. Color 
pixel data is aligned with the destination. 


Then the three operands are combined in the ROPs unit to form the output pixel data that can be 
stored in the frame buffer, sent to the host, or stored in one SRAM. If pixel transparency is enabled, 
SRAWM2 is used as the transparency mask. For monochrome masks, the output pixel is written if 
the corresponding bit in SRAM2 is ‘1’. For color masks, the output pixel is written if the correspond- 
ing pixel in SRAM2 compares with the background color. (The comparison can be programmed to 
be ‘equal’ or ‘not-equal’.) SRAMO is typically the destination operand, SRAM1 is typically the 
source operand, and SRAM2 is typically the pattern operand. 


13.1.2.1. 2D Frame Buffer 


The 2D frame buffer is organized as a rectangular array of packed pixels, with pixel ‘0,0’ at the 
upper left-hand corner and pixel ‘xmax,ymax’ at the lower right-hand corner. A rectangular portion 
of the frame buffer (the display rectangle) is visible on the display device. In the upper left-hand 
corner is pixel ‘xs,ys’ and in the lower right-hand corner is pixel ‘xe,ye’ (0 < xs < xe < xmax, 0< ys 
< ye < ymax). The display rectangle is shown in relation to the frame buffer in Figure 13-1. The 


May 1997 13-2 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual PROGRAMMING MODELS 


display rectangle is typically aligned to the upper left corner of the display buffer (xs = 0, ys = 0), 
but can be positioned anywhere on the frame buffer surface. Pixel sizes of 8, 16, 24, and 32 bits 
are supported (see Section 13.1.3). Pixel addresses given to the 2D engine are always specified 
in two dimensional ‘x,y’ coordinates. 


PIXEL ‘0,0’ INCREASING x 





PIXEL ‘xs,ys’ 






DISPLAY PIXEL ‘xe,ye’ 
INCREASING y RECTANGLE 


FRAME BUFFER PIXEL ‘xmax,ymax 


Figure 13-1. 2D Frame Buffer 


13.1.2.2 Flat Frame Buffer 


The CL-GD5465 frame buffer can be accessed directly by software from the host computer. As 
described earlier, the frame buffer is organized as a rectangular array of packed pixels, with pixel 
‘0,0’ at the upper left-hand corner, and pixel ‘xmax,ymax’ at the lower right-hand corner. 


The maximum screen parameters can be calculated with Equation 13-1 and Equation 13-2. 


ScreenPitch 


XMQaAX = PixelSize Equation 13-1 
ixelSize 
[ee ee | 
ScreenPitch 
ymax = aie 1Si Equation 13-2 
ixelSize 


where: 

PixelSize is 1, 2, 3, or 4 

ScreenPitch is the number of bytes between vertically adjacent pixels 
FrameBufferSize is the size of the frame buffer. 


A rectangular portion of the frame buffer (the raster) is visible on the display device. The upper-left 
corner of the raster is pixel ‘xs,ys’ and the lower-left corner of the raster is pixel ‘xe,ye’. The upper- 
left corner of the raster is typically aligned with pixel ‘0,0’, where there is undisplayed off-screen 
memory to the right of and below the raster. The raster is shown in relation to the frame buffer in 
Figure 13-1. 
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Pixel sizes of 8, 16, 24, and 32 bits are supported (see Section 13.1.3). The frame buffer is 
accessed by host software as a linear array of bytes, words, or double words, with pixel ‘0,0’ 
located at byte offset 0 in the frame buffer. In general, use Equation 13-3 to configure the byte 
address of pixel ‘x,y’. 


byte_addr = ((y X screen_pitch) + (x X pixel_size)) Equation 13-3 


The frame buffer is mapped into the host CPU address space by Base Address register 1. It is 
mapped into four contiguous 8-Mbyte apertures on a 32-Mbyte address boundary. The first aper- 
ture directly accesses the frame buffer without byte swapping. The second aperture swaps bytes 
within words. The third aperture swaps bytes within dwords. Byte swapping is discussed in 
Section 13.1.4. 


13.1.3 Pixels 


A pixel is a picture element on the external display surface. Each pixel on the display surface maps 
uniquely to a pixel data structure in the frame buffer memory array. Pixels in the frame buffer are 
either 8-, 16-, 24-, or 32-bits wide, and contain data that specifies to the display pipeline how to 
set the color of its corresponding picture element on the display surface. Color modes define how 
the display pipeline interprets the contents of the pixel. Most conventional graphics display sys- 
tems allow one mode for the entire frame buffer (and display surface). The CL-GD5465 allows two 
modes simultaneously, a graphics mode and a video mode. Video modes are displayed using the 
video window to overlay graphics data or by using the resize engine to change the data type to the 
graphics data type. 


13.1.3.1  8-bpp Palettized 


Each pixel is specified by one byte of display memory. The value of the byte is used to look up an 
entry in the color palette. If gamma correction is not enabled, three 6-bit values (one each for Red, 
Green, and Blue) are passed to the corresponding DACs for conversion to analog. If gamma cor- 
rection is enabled, three 8-bit values are passed to the DACs for conversion to analog. 


8-bpp palettized is selected by programming the corresponding depth field to ‘O0Ob’ and the corre- 
sponding format field to ‘O00b’. 


7 6 5 4 3 2 1 0 


| COLOR VALUE | 


13.1.3.2 8-bpp Grayscale 


Each pixel is specified by one byte of display memory. If gamma correction is not enabled, the 
value passes to all three DACs in parallel for conversion to analog. The result is a gray pixel, whose 
luminance corresponds to the value of the byte. 


If gamma correction is enabled, the value is used to look up the three corresponding entries in the 
color palette. The three 8-bit values pass to the corresponding DACs for conversion to analog. In 
this case, the hardware behaves like 8-bpp palettized with gamma correction enabled. However, 
the palette is typically programmed differently. 
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8-bpp grayscale is selected by programming the corresponding depth field to ‘OOb’ and the corre- 
sponding format field to ‘001b’,. 


7 6 5 4 3 2 1 0 


| GRAYSCALE VALUE | 


13.1.3.3  16-bpp 5:6:5 


Two adjacent bytes of display memory specify each pixel. The format of each pixel is shown in the 
following diagram. If gamma correction is not enabled, the three color values are left aligned and 
passed to the respective DACs for conversion to analog. 


lf gamma correction is enabled, the three color values are extended to eight bits each by append- 
ing zeroes. The resulting three 8-bit values are independently used to look up three values in the 
color palette. The resulting three 8-bit values are passed to the corresponding DACs for conver- 
sion to analog. 


16-bpp 5:6:5 is selected by programming the corresponding depth field to ‘01b’ and the corre- 
sponding format field to ‘010b’. 


15 11 10 5 4 0 


RED GREEN BLUE 


13.1.3.4 16-bpp 5:5:5 


Two adjacent bytes of display memory specify each pixel. The format of each pixel is shown in the 
following diagram. If gamma correction is not enabled, the three color values are left aligned and 
passed to the respective DACs for conversion to analog. 


If gamma correction is enabled, the three color values are extended to eight bits each by append- 
ing zeros. The resulting three 8-bit values are independently used to look up three values in the 
color palette. The resulting three 8-bit values are passed to the corresponding DACs for conver- 
sion to analog. 


16-bpp 5:5:5 is selected by programming the corresponding depth field to ‘01b’ and the corre- 
sponding format field to ‘011b’. 


15 14 10 9 5 4 0 


RED GREEN BLUE 
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13.1.3.5 24-bpp 8:8:8 


Each pixel is specified by three adjacent bytes of display memory. The format of each pixel is as 
shown in the following diagram. If gamma correction is not enabled, the color values for each pixel 
are passed to the respective DACs for conversion to analog. 


If gamma correction is enabled, the color values for each pixel are independently used to look up 
values in the color palette. The results are passed to the respective DACs for conversion to analog. 


24-bpp 8:8:8 is selected when the corresponding depth field is programmed to ‘10b’ and the cor- 
responding format field is programmed to ‘010b’. 


23 16 «615 8 7 0 


RED GREEN BLUE 


13.1.3.6 32-bpp a:8:8:8 


Each pixel is specified by four adjacent bytes of display memory. The format of each pixel is as 
shown in the following diagram. If gamma correction is not enabled, the color values for each pixel 
are passed to the respective DACs for conversion to analog. 


If gamma correction is enabled, the color values for each pixel are independently used to look up 
values in the color palette. The results are passed to the respective DACs for conversion to analog. 


32-bpp a:8:8:8 is selected when the corresponding depth field is programmed to ‘11b’ and the cor- 
responding format field is programmed to ‘010b’. 


31 24 23 16 15 8 7 0 


ALPHA RED GREEN BLUE 


13.1.4 Bi-Endian Support 


To support operation in a PowerPC PCI system, the CL-GD5465 provides byte swapping logic in 
the host interface. The PowerPC and the PCI bridge perform the swapping required to support 
byte data. Data types that are larger than a single byte, such as 16-, 24-, and 32-bpp graphics 
data, require further alignment. Therefore, the frame buffer, host data port, and Memory-Mapped 
registers each have four different address maps or ‘apertures’. This allows the application software 
to control the data alignment depending on the pixel depth. In Table 13-1, the first aperture (1) 
performs no swapping; the second aperture (2) swaps bytes within words; the third (3) aperture 
swaps bytes within dwords. The fourth aperture is for YUV support. 
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Table 13-1. Byte Swapping for Bi-Endian Support 
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Aperture Swap Diagram 
Processor Bus 0 1 3 
Base 
address No swap 
Frame Buffer 0 1 2 3 
Processor Bus 0 1 2 3 
Base 
address 
plus 8 word swap 
Mbytes 
Frame Buffer 0 1 3 
Processor Bus 0 1 3 
Base 
address 
plus 16 dword swap 
Mbytes 
Frame Buffer 0 1 3 
Base 
address 
plus 24 7 YUV support 
Mbytes 
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13.2 


13.2.1 


3D Programming Model 


There are three mechanisms for programming the 3D engine. These methods are described in the 
sections summarized in Table 13-2. 


Table 13-2. 3D Programming Modes 








Programming Mode Section 
Direct Programming Section 13.2.1 
Coprocessor Indirect Programming Section 13.2.2 
Display List Programming Section 13.2.3 

















The actual instructions and instruction formats are similar regardless of the mode being used. Bits 
5:0 of drawing instructions are set to ‘0’ for direct programming (since the registers have already 
been loaded). Also, the Branch and Idle instructions are used only to enter and exit Display List 
Programming mode. 


Direct Programming Mode 


In Direct Programming mode, registers are loaded by writing directly to them in the register 
address space beginning at 0x4000. The 3D engine must be idle while the registers are being 
loaded. When the appropriate registers have been loaded, the engine is started by writing a draw- 
ing instruction to the OPCODE_3D register at Ox40FC. The engine executes a single instruction 
and then stops. This method has also been known as the coprocessor direct method. 


Direct programming is often used to see the effect of a single instruction without the possibility of 
the interference of additional instructions. This would allow one to ‘single-step’ through a display 
list. 


Direct programming is the slowest method of setting the device state and issuing drawing com- 
mands. It should be used for initialization and situations where time is not a constraint. No PCI 
burst transfers occur when direct programming is being used. 


Flow control instructions, data movement instructions, and the like are generally not available in 
the Direct Programming mode. 


13.2.2 Coprocessor Indirect Programming Mode 


This mode is intended as a test mode and is not recommended for normal operation. It can, how- 
ever, be used by software which is parsing an existing display list. 


In the Coprocessor Indirect Programming mode, instructions and data can be transferred across 
the PCI bus by writing to offsets 0x4800 through Ox4BFC. To execute a 3D drawing instruction in 
Coprocessor Indirect Programming mode, execute A WRITE_REGISTER instruction to 
Host_3D_Data_Port at MMIO offset 0x4800. The data transferred during the next group of ‘a’ 
32-bit writes are written beginning at the register address M, where A and M are values in the 
WRITE_REGISTER instruction. 
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13.2.3 Display List Programming Mode 


This is the preferred mode for programming the CL-GD5465. Display List Programming mode 
allows the most concurrence between the host and graphics processor. Display List Programming 
mode also allows PCI bursting and bus mastering. The CL-GD5465 is optimized for operation in 
this mode. 


In Display List Programming (or Instruction Fetch) mode, the CL-GD5465 fetches instructions and 
register values from system memory. The instruction list can include load instructions that set up 
control registers for drawing, as well as the drawing instructions themselves. A drawing instruction 
takes the form of a draw opcode followed by a sequence of parameters that define the region to 
be drawn, its color, texture, and other characteristics. 


When all the register values required for an instruction have been fetched and loaded, the instruc- 
tion itself is executed (Some instructions do not require any register values). The CL-GD5465 is 
put into Instruction Fetch mode by execution of a BRANCH instruction (written to the PF_INST_3D 
registers at 0x4480). Usually the CL-GD5465 exits display list mode by the execution of an IDLE 
instruction. The PF_CTL_3D register at 0x4404 has bits that control pausing and instruction fetch- 
ing. The PF_STATUS_3D register at 0x4424 returns the status of the 3D engine. 


The host must build the display list (instructions and register values) in system memory prior to 
starting the 3D engine. Once started, the engine proceeds autonomously until it encounters an 
IDLE instruction. The INT instruction can be used to report intermediate progress. The INT instruc- 
tion causes a pause in display list execution, requiring the application to restart execution. This is 
done by writing a RET instruction to the PF_INST_3D register. 
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14. 


14.1 


2D PROGRAMMER’S GUIDE 


2D Graphics Engine 


The 2D graphics engine performs BitBLT (bit block transfer) operations on the frame buffer. During 
a BitBLT operation, a destination array of pixels in the frame buffer are replaced by a pixel-by-pixel 
combination of data from a source array of pixels in the frame buffer or host memory or with data 
from a destination array of pixels in the frame buffer and data from a pattern. This is shown in 
Figure 14-1. 


FRAME BUFFER 
SOURCE 


RECTANGLE 


DESTINATION 
RECTANGLE 


PATTERN 


Figure 14-1. 2D Graphics Engine BitBLT 





The pixel-by-pixel combination (called raster operation or ROP) is one of the 256 possible combi- 
nations of the source, data, and pattern using the NOT, OR, XOR, and AND logical operations. 
The pattern is an 8 x 8 color or monochrome pattern, or a solid color. 


The 2D engine is programmed by Memory-Mapped registers that define drawing operations and 
the various parameters required for those operations. As shown in Figure 14-2, it consists of a 
control unit, a pixel path, and a frame buffer. 
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CONTROL UNIT 








HOST IMMEDIATE 
INTERFACE REGISTERS 


GENERAL 
REGISTERS 
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Figure 14-2. 2D Graphics Engine Model and Data Flow 
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14.1.1 


The control unit contains the immediate and general registers, the drawing control, and the com- 
mand/data FIFO. The pixel path contains the three operand fetch units (OQFU0, OFU1, OF U2), the 
ROPs unit, the transparency control, and the pixel FIFO. The frame buffer consists of 1, 2, 4, or 8 
Mbytes of Rambus RDRAM memory. 


Writes to the immediate registers take effect immediately and do not go through the write FIFO. 
These are used to read 2D engine status and write general control information. Writes to the gen- 
eral registers are queued through the 25-entry write FIFO and are used to set drawing parameters 
and initiate drawing operations. During a BitBLT operation, color pixel data is loaded into SRAMO. 
Color and/or monochrome pixel data is loaded into SRAM1 and SRAM2. Monochrome data is 
converted to color using the foreground and background color registers. Color pixel data is aligned 
with the destination. Then the three operands are combined in the ROPs unit to form the output 
pixel data that can be stored in the frame buffer, sent to the host or stored in one SRAM. If pixel 
transparency is enabled, SRAM2 is used as the transparency mask. For monochrome masks, the 
output pixel is written if the corresponding bit in SRAM2 is ‘1’. For color masks, the output pixel is 
written if the corresponding pixel in SRAM2 compares with the Background color. (The compari- 
son can be programmed to be ‘equal’ or ‘not-equal’.) SRAMO is typically the destination operand, 
SRAM1 is typically the source operand, and SRAM2 is typically the pattern operand. 


2D Frame Buffer 


The 2D frame buffer is organized as a rectangular array of packed pixels, with pixel ‘0,0’ at the 
upper left-hand corner and pixel ‘xmax,ymax’ at the lower right-hand corner. A rectangular portion 
of the frame buffer (the display rectangle) is visible on the display device. In the upper left-hand 
corner is pixel ‘xs,ys’ and in the lower right-hand corner is pixel ‘xe,ye’ (0 < xs < xe < xmax, 0< ys 
< ye < ymax). The display rectangle is shown in relation to the frame buffer in Figure 14-3. The 
display rectangle is typically aligned to the upper-left corner of the display buffer (xs = 0, ys = 0), 
but can be positioned anywhere on the frame buffer surface. Pixel sizes of 8, 16, 24, and 32 bits 
are supported. Pixel addresses given to the 2D engine are always specified in two dimensional 
X,Y coordinates. 


INCREASING x 
a a 


PIXEL ‘0,0’ 








PIXEL ‘xs,ys’ 


DISPLAY PIXEL ‘xe,ye’ 
INCREASING y RECTANGLE 


FRAME BUFFER PIXEL ‘xmax,ymax 


Figure 14-3. 2D Frame Buffer 
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14.1.2 Bit Swizzle 


Bit swizzling is the end for end reversal of bits in a byte. For example, the swizzle of 10001101b is 
10110001b. In some cases, monochrome glyphs (fonts or brushes) are presented to the program- 
mer in a format that requires a bit swizzle prior to being color expanded into the frame buffer. The 
CL-GD5465 provides a mechanism for implementing bit swizzles during host-to-frame buffer 
BitBLTs. Setting the SWIZ_CTRL register or the CONTROL.SWIZ bit during a host-to-frame buffer 
BitBLT causes the bytes within the HOSTDATA dwords to be swizzled. The byte order within the 
dwords remains the same. If byte-order reversal is also required, write the HOSTDATA through 
register memory aperture one or two. 


14.1.3 Patterns 


Patterns can be thought of as an ink-stamp on a roller. As the roller is moved left to right, the image 
is repeatedly copied onto the destination. At the end of a row, the roller is moved down one image 
and the process is repeated. Patterns are used when the source for a rectangular block of pixels 
repeats in X and Y. This is achieved by having a small source rectangle repeatedly filling up the 
destination. When the left end of the pattern is reached during the BitBLT to the destination, the 
source pointer is reset to the right end of the pattern. When the bottom of the pattern is reached, 
the source pointer is reset to the top of the pattern. All patterns supported by hardware are 8 x 8 
pixels. The point inside the pattern that is anchored to the upper-left corner of the display can be 
selected using the PATOFF register. 


Conceptually, patterns should be thought of as 8 x 8 square pixel regions that can be tiled onto 
the screen. The upper-left corner of the pattern tile is aligned to the upper-left corner (0,0) of the 
frame buffer. The alignment is adjustable to any point within the tile by setting the X and Y values 
in the PATOFF register. 


Patterns are not stored in rectangular format in the frame buffer. They are stored linearly. A mono- 
chrome (1 bpp) pattern is stored in a single qword (64 bits). An 8-bpp color pattern is stored in 64 
sequential bytes. A 16-bpp color pattern is stored in 128 sequential bytes. 24-bpp and 32-bpp 
color patterns are stored on two adjacent lines with half the pattern on each line. The first line con- 
tains the top four lines of the pattern and the second line contains the bottom four lines. The first 
line of a 24- or 32-bpp color pattern must be on an even scanline address in Y. 


For optimal performance, the software should align patterns to tiles. Crossing tile boundaries 
exacts a penalty on memory performance. The architecture allows any pattern to fit within a single 
tile and the programmer concerned with optimal performance is encouraged to respect this con- 
straint. See Chapter 18, “System Operation” for more information. 
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14.1.4 Monochrome-to-Color Expansion 


Monochrome bitmaps can be converted to foreground and background colors, or to all ones and 
all zeroes (white on black). Strings of ones and zeroes are fed into the ROPs unit4 


and are output respectively as foreground color and background color. Source (OP1) or pattern 
(OP2) operands can convert monochrome pixel data to color. Typical use of monochrome-to-color 
conversion is for transferring font maps to characters on the screen, or for hatched brushes. 


Foreground and background colors are selected by placing the appropriate values in the 
OP_opFGCOLOR and OP_opBGCOLOR registers and turning off DRAWDEF.SATn. With DRAW- 
DEF.SAT.n on, the foreground color is all ones (—1) and the background is all zeroes (typically 
white on black). 


14.1.5 Transparency 


14.2 


Two types of transparencies can be generated; one using a monochrome input data stream, and 
another using a Color Comparison register. When transparency is turned on, OP2 fetches trans- 
parency mask pixels and makes the decision whether or not to enable writes to the destination 
based on the compare operation. OP2 can still be used in the ROP. 


Monochrome transparency causes the pixels mapped from a one to be written with the result of 
the current ROP. This causes pixels mapped from a zero to retain their prior value. A typical use 
of this type of operation puts foreground solid colored fonts over an arbitrary existing background. 


Color transparency compares an incoming data stream with a fixed OP_opBGCOLOR value ona 
pixel-by-pixel basis. It then writes the ROP result or retains the destination pixel based on the 
result of the comparison. Transparency masks can be aligned with source data, destination data, 
or any other region. Source-aligned color transparency allows the programmer to simulate chroma 
keying (also known as blue screening). 


2D Graphics BitBLT Operations 


This section guides the system programmer in the most effective use of the CL-GD5465 2D graph- 
ics engine for implementing display drivers, and special graphics and video application software. 
Methods for implementing typical operations are discussed and supplemented with tested exam- 
ples. 
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14.2.1 Commonly Used BitBLT Control Registers 


Table 14-1 illustrates the fields in the two most-used 2D Engine Control registers in the 
CL-GD546X. 


Table 14-1. Primary 2D Engine Control Registers 
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14.2.2. BitBLT Programming Overview 


Standard BitBLT operations are used for moving rectangular blocks of pixels from one location to 
another. Source data comes from the host, frame buffer, or operand SRAM caches. Independent 
of pixel size, the result data is written to the host, SRAM, or the frame buffer as color (8, 16, 24, 
32 bpp) data or byte data. Source and destination extents are the same with the exception of pat- 
tern sources, which are cyclic on eight pixel by eight-line boundaries. Stretch and shrink BitBLTs 
do not have the same source and destination extents. All 256 three operand ROPs are performed 
on any combination of the three source locations. Monochrome data, color data, and transparency 
masking can all be combined in a single BitBLT operation. BitBLT programmers should carefully 
read the detailed descriptions of the 2D Graphics Engine registers in Chapter 9. 


Most graphics registers, when written in the CL-GD5465, are posted through the 2D engine com- 
mand queue, which has an effective depth of 25-dword entries. Prior to inserting data and com- 
mands into the queue, the programmer may want to verify that a sufficient number of queue 
entries are available for the operation. It is recommended that the queue depth register (QFREE) 
be checked prior to each group of register writes. 


In PCI systems, checking the queue depth is not required since the bus architecture supports 
retries and waits while the queue is full. Immediate registers are not posted through the queue and 
checking QFREE is never required. These registers are typically device initialization registers that 
are not used during a BitBLT operation. Each register write consumes one, two, or three entries 
in the queue. Each write uses one entry per 16 bits (word), plus one extra entry if it is a command. 


BLTEXT registers consume three entries: two for the X and Y, and one for the implied command. 
Immediate registers bypass the queuing mechanism and consume no entries. The programmer 
does not have to check that a BitBLT operation is completed before programming the next opera- 
tion. This is due to the queueing mechanism and the double buffering of internal registers in the 
CL-GD5465. The queue allows host and BitBLT operations to execute in parallel, increasing the 
overall system throughput. 


Typically, a register is written as a 32-bit dword or portions of it are written as 16-bit words. The 
programmer can choose to write 16-bit halves of the register when it is the only portion of an X/Y 
address or extent that is changing between operations in an inner loop. This is a convenient opti- 
mization for text operations when the Y extent remains constant for a long sequence of operations. 


In addition to triggering the operation, BLTEXT_EX registers set the extents of the BitBLT. Writing 
to one 16-bit half of the BLTEXT_EX register sets an X or Y value. Writing to the other 16-bit half 
sets the corresponding Y or X value and starts the BitBLT operation. Be careful to write these reg- 
ister halves in the correct order so that the BitBLT is started by the second write, not the first. The 
register descriptions for these registers indicate which half of the register is the triggering write. 
BLTEXT_EX registers are provided for initiation of the operation on X write (_XEX) or on the Y 
write (_EX). The extends of the BitBLT can be set without triggering an operation by writing the 
BLTEXT register. The operation can then be triggered by writing to a normal, resize, or clipping 
‘_EX'’ register. 


Prior to each BitBLT operation, several registers are set up. The three most important registers are 
BITMASK, BLTDEF, and DRAWDEF. The bit assignments of the BLTDEF and DRAWDEF regis- 
ters appear in Table 14-1. Incorrect setup of these registers accounts for a large share of the prob- 
lems that a programmer encounters. After these three registers are set up, the OP_opRDRAM 
Pointer registers are set up to point to source and destination operands and result locations. Fol- 
lowing initialization of the Control registers, a ‘command’ BLTEXT register is written. It contains 
the destination X and Y extents and causes the desired operation to proceed. 
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The first register to consider when setting up for a BitBLT is the BITMASK register. It should be set 
to FFFFFFFFh to enable writing to all bits. Each bit in the BITMASK enables (‘1’) or masks (‘0’) 
the write to the corresponding bit that it aligns with during the memory write. All 32 bits in the 
BITMASK register are used, regardless of the width of pixels in the frame buffer. In 8-bpp frame 
buffers, the 8-bit BITMASK must appear four times throughout the entire 32-bit register. In 16-bpp 
systems, it appears twice. In 32-bpp systems, one copy of the mask fills the 32-bit register. In 
24-bpp systems, BITMASK cycles in and out of alignment if any value other than FFFFFFFFh is 
used. This is because BITMASK is effectively dword aligned. Many drivers can be written to set 
BITMASK to FFFFFFFFh at initialization and do not need to be changed again. 


The next register to set is the BLTDEF register. It has fields that specify the fetching properties of 
the Operand Fetch Units. The OP1 and OP2 fields are set to fetch data from the frame buffer, the 
host, or SRAM. Additionally, the fetch field can be set up for a ‘fill’ fetch, which always supplies the 
background color. Color or monochrome source data and pattern fetching is selected in the OP1 
and OP2 fields. The OPO fetch is selected from either SRAM or the frame buffer. The result of the 
operation is then selected by the RES field and can be set to the frame buffer, host, or SRAM. 
SRAM destinations are: SRAMO, SRAM1, SRAM2, or SRAM1 and SRAM2 combined. Next, the 
Y direction for BitBLTs is set to either up the screen (decreasing Y) or down the screen (increasing 
Y). Finally, the BD_Same field should be set or cleared. 


Overlapping BitBLTs that move down (increasing Y) the screen are performed with BLTDEF.YDIR 
set to up, and with the source and destination pointers anchored to the lower-left corners of the 
rectangles. Overlapping BitBLTs that move up the screen are performed with BLTDEF.YDIR set to 
down, and with the source and destination pointers anchored to the upper-left corners. In addition, 
the case of a purely horizontal, left-to-right BitBLT must be considered. Unless it is broken up into 
strips or cached through an intermediate buffer by software, this BitBLT results in vertical stripes. 


The next register to set up is the DRAWDEF register. The three operand ROP is set in the ROP 
field. Transparency (using OP2) is enabled by setting the transparency switch on and the type. The 
compare operation (foreground or background) is selected by the transparency operation field. 
The Pixel Tag field is used in 9-bit RDRAM systems to control the setting or clearing of the ninth 
bit during the BitBLT. If set, The ninth bit indicates to the back-end that the associated pixel is video 
and must be interpreted using the video format and depth fields. Finally, the monochrome saturate 
fields must be set or cleared. If OP1 and/or OP2 are fetching monochrome data and saturate is 
on, then ones are converted to all ones (FF, FFFF, FFFFFFFF) and zeroes are expanded to 
zeroes. If saturate is off, then monochrome data is converted to the foreground and background 
colors. 


To perform a logical ternary ROP, the DRAWDEF ROP field must be set to the 8-bit ROP code. 
This is provided by the application or some layer of software above the driver. The ROP code is 
computed by applying the desired logical operations to the operand constants, which are 
OPO = AAh, OP1 = CCh, and OP2 = FOh. For example, OP1 data is copied to the result using 
code CCh, or OPO data is AND’ed to OP1 data using a ROP code of (OPO and OP1) = (AAh and 
CCh) = 88h. A more complex example is a ‘patterned stencil’ BitBLT in which a pattern is copied 
to a rectangular region in the frame buffer through a monochrome stencil bitmap. Let the zeroes 
in the stencil represent the stencil holes through which the pattern is applied, and let ones repre- 
sent solid areas. This prevents the underlying data in the frame buffer from being changed. Make 
OPO the existing destination pixel, OP1 the monochrome stencil source, and OP2 the pattern 
source. Where OP1 is ‘1’, the result bit is taken from OPO. Where OP1 is ‘0’, the result is taken 
from OP2. 
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In this example, the ROP code is computed as in the following example: 


OP1 CC 11001100 ones select OPO, 
zeroes select OP2 

OPO AA 10101010 

OP2 FO 11110000 

RES B8 10111000 





ROP code B8 is represented in reverse polish Boolean as PSDPxax, and in algebraic notation as 
PAT*SRC&(DST“PAT), where P = PAT = OP2, S = SRC = OP1, and D = DST = OPO. 


The DRAWDEF and BLTDEF registers are written as a single 32-bit operation or as two 16-bit 
operations. Typically, the programmer composes the contents of a DRAWBLTDEF register setting 
for a given operation by combining various bitmap macros at compile time, or by masking the reg- 
isters at run time to specify the BitBLT operation. Then, the programmer moves the 32-bit dword 
to the hardware. Some optimization of the driver is realized by leaving the DRAWDEF and BLT- 
DEF registers in a standard configuration at the end of every operation. This allows subsequent 
operations to skip setting these registers. The most common setting for these registers is often a 
frame buffer-to-frame buffer source copy using color source and destination data types. 


If the BitBLT is doing monochrome-to-color conversion, the Foreground and Background Color 
registers must be set. In 8- and 16-bpp systems, the colors are replicated throughout the register. 
An 8-bpp color of 37h is loaded as 37373737h; a 16-bpp color of 6A7Fh is loaded as 6A7F6A7Fh. 


After the BITMASK, BLTDEF, and DRAWDEF registers are set up, the operand pointers for fetch- 
ing and storing the data need to be set up. If OP 1 or OP2 are fetching monochrome data from the 
frame buffer, then OP{1|2}.op0MRDRAM is used to point to the source data in the frame buffer. The 
Y portion (upper 16 bits) of the register contains the line-number index and the X portion (lower 
16 bits) contains the bit index to the monochrome data. For instance, a monochrome glyph cached 
at byte 3 on the second line has aY value of ‘1’ and an X value of ‘24’ loaded into the OP pointer. 
If monochrome data is fetched from SRAM, then the OP{1|2}_ op MSRAM pointers should point to 
the bit offset in the appropriate SRAM. Monochrome data, fetched from SRAM, wraps around at 
the end of SRAM and continues fetching at the beginning. If monochrome data is fetched from the 
host, the phase alignment of the data (within the dwords fetched from the host) is indicated by the 
value programmed into the OP{1|2} op MRDRAM register. For this operation, these registers 
serve the secondary purpose of phase control, not clearly indicated by their name. 
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Color data from the frame buffer is pointed to by the OP{0|1|2} op RDRAM registers. Color data 
from the SRAM is pointed to by the OP{0|1|2}_ op SRAM registers. This data is cyclic in that at the 
end of SRAM, the internal pointers cycle to the beginning of SRAM. Color data from the host is 
phase aligned by using the OP{1|2}_ op RDRAM registers in a manner similar to the monochrome 
usage: The registers point to the byte alignment (0, 1, 2, 3) within the dwords loaded from the host. 


The OPO_opRDRAM register points to the result X/Y location in the frame buffer. The 
OPO_opRDRAM.pt.X register points to the result offset in SRAM. OPO_opRDRAM.pt.X indexes 
into the particular SRAM cache selected in the BLTDEF result field. 


The Operand Pointer registers do not read back with the same values that are written into them. 
The programmer must not make the assumption that they will. Color RDRAM pointers are byte 
converted on writes and read back as byte offsets. Monochrome pointers (MRDRAM and 
MSRAM) read back as monochrome pointers. MRDRAM pointers are interpreted by the hardware 
as byte pointers for color operands, and as bit pointers for monochrome operands. The Y part of 
pointers undergoes no conversion (refer to for a detailed description). 


Pattern data is always 8 lines by 8 pixels and anchored to the frame buffer (0,0) location. If OP 1 
and/or OP2 fetch patterned data, then the PATOFF register is set to align the pattern tile to the 
upper-left hand corner of the frame buffer. PATOFF contains X and Y fields that index into the pat- 
tern and define the point of alignment. Once a pattern alignment is set, all subsequent pattern Bit- 
BLTs are mutually aligned within the frame buffer. PATOFF applies to OP1 and OP2 concurrently. 
If two patterns are used and the programmer needs different relative alignments, then one pattern 
must be rotated in software prior to caching. 


14.2.3. Monochrome-to-Color Conversion BitBLTs 


Monochrome bitmaps, consisting of one bit for each pixel, are converted to foreground and back- 
ground colors, or to all zeroes and all ones (black and white) during a monochrome BitBLT oper- 
ation. Strings of ones and zeroes are fed into the graphics accelerator 2D engine and output 
respectively as foreground color and background color. Source (OP1) or Pattern (OP2) operands 
fetch and convert monochrome bit streams to color. Typical use of monochrome-to-color conver- 
sion transforms font maps to characters on the screen or for painting two-color hatched brushes. 


The saturate fields in the DRAWDEF register are used to select monochrome-to-color conversion 
(saturate off) or to select monochrome conversion to all ones and all zeroes (saturate on). Fore- 
ground and background colors for color converted bitmaps are selected by placing the appropriate 
values in the OP_opFGCOLOR and OP_opBGCOLOR registers and turning DRAWDEF.SATn off. 
Color values in the dword F@COLOR and BGCOLOR registers are expanded to fill the full 32 bits 
in 8- and 16-bpp cases. In the 24-bpp case, the color value is loaded into the lower 24 bits of the 
register. 


Monochrome-to-color conversion BitBLTs are sourced from the host, frame buffer, or SRAM and 
can use the host, frame buffer, or SRAM as the result. Monochrome BitBLTs are combined with 
transparent BitBLTs to produce foreground-only fonts. Monochrome data can be stretched in a 
two-step operation by first performing a monochrome-saturate BitBLT, and then performing a rep- 
licate stretch on the result. Monochrome data is used as pattern source data, making for very effi- 
cient storage of two-color brushes or hatching patterns. 


Host-to-screen BitBLTs using monochrome-to-color expansion have the following width limita- 
tions. When the CL-GD5465 is configured for 24-bpp, these BitBLTs are limited to 960 pixels. 
When the CL-GD5465 is configured for 32-bpp, these BitBLTs are limited to 896 pixels. 
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14.2.4 Transparent BitBLTs 


Both monochrome and color bitmaps are used as transparent masks. The OP2 operand fetch unit 
fetches data and performs the transparent compare operation. It enables or masks write opera- 
tions to the frame buffer based on the compare result. 


Monochrome transparency operations are performed by enabling transparency and setting the 
transparent operation to foreground or background in DRAWDEF. Zero (background) bits in the 
monochrome mask suppress writes to their associated pixels in the frame buffer. Ones enable 
writes to the frame buffer, if monochrome foreground transparency is selected. If background 
transparency is selected, ones in the monochrome mask suppress writes to their associated pixels 
in the frame buffer and zeroes enable writes. The F@COLOR and BGCOLOR registers do not 
need to be set as a part of monochrome transparency setup. 


Color transparency is implemented by pointing OP2 to a color region, setting BGCOLOR to the 
transparent compare color, and selecting equal or not equal as the transparent compare opera- 
tion. A typical operation is chroma keying or blue-screening, where a picture is rendered on top of 
a constant colored background. The constant background color is put into the BGCOLOR register 
as the compare color. The operation is then set to equal. If an OP2_Copy ROP (OFOh, PATCOPY) 
is selected and transparency is enabled, then the picture on the ‘blue-screen’ background copies 
to the destination region of the screen while the background is untouched. This is useful for ani- 
mation provided that a save-under and restore operation is associated with the transparent BitBLT. 


Operand fetch unit one fetches data written to the frame buffer. Operand fetch unit two selects data 
from a distinctly different monochrome transparency mask located elsewhere in off-screen mem- 
ory. This method is used to mask video or graphics data into an arbitrarily shaped region. Mono- 
chrome bitmasking is used to implement occlusion of normally rectangular video regions by 
associating an equal-sized bitmask with the region, and enabling or disabling writes to the 
occluded video region by careful manipulation of the transparency bitmask. 


Transparent BitBLTs are combined with color or monochrome patterned data and are used with 
any of the 256 available ROPs. Align off-screen transparent font caches with memory to minimize 
tile boundary crossings, minimize RDRAM page breaks, and optimize fetching performance. 


14.2.5 Pattern BitBLTs 


Patterns are used when the source for a rectangular block of pixels repeats in X and Y. This is pro- 
duced by having a small source rectangle and having the source repetitively to fill up the destina- 
tion. When the right end of the pattern is reached during the BitBLT to the destination, the source 
pointer is reset to the left end of the pattern. When the bottom of the pattern is reached, the source 
pointer is reset to the top of the pattern. Patterns are 8 x 8 square pixel regions that are tiled onto 
the screen. The upper-left corner of the pattern tile is aligned to the upper-left corner (0,0) of the 
frame buffer. The alignment is adjusted to any point within the tile. This is done by setting the X 
and Y values in the PATOFF register. Pattern data can be monochrome or color sourced from the 
host. 


Dword-aligned pattern caches stored in off-screen frame buffer memory. Pattern loading from the 
host is simplified by using the bpp-independent MBitBLT, discussed in Section 14.2.7 on 
page 14-14. 
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Patterns are not stored in rectangular format in the frame buffer, but are stored linearly. A mono- 
chrome (1 bpp) pattern is stored in a single qword (64 bits). An 8-bpp color pattern is stored in 64 
sequential bytes on a single line. A 16-bpp color pattern is stored in 128 sequential bytes, also on 
a single line. 24-bpp and 32-bpp color patterns are stored on two adjacent lines with half the pat- 
tern on each line. The even line contains the top half of the pattern. The next odd line contains the 
bottom half. Monochrome pattern maps are converted to foreground and background color. Oth- 
erwise they are saturated to black and white depending on the settings of the DRAWDEF.Saturate 
fields. 


Both operand one (OP1) and operand two (OP2) can fetch pattern data from any source. OP2 can 
additionally perform transparent compare operations on pattern data. 


For optimal performance, patterns should be tile-aligned. Crossing tile boundaries puts a penalty 
on memory performance by causing RDRAM page breaks. The architecture allows any pattern to 
fit within a single tile and the programmer demanding optimal performance will take advantage of 
this feature. Monochrome, 8- and 16-bpp patterns fit in a single SRAM cache, whereas 24- and 
32-bpp patterns are fetched multiple times yielding lower performance due to repeated pattern 
fetching. 


14.2.6 Host BitBLTs 


The BitBLT engine can source data from the host and write data to the host. Once a host BitBLT 
is initiated, host data must be written or read under program control, since for 2D BitBLTs the 
CL-GD5465 is not a bus master device. 


Host BitBLTs are phase-aligned so that the fetched or stored data is dword-aligned. Since aligned 
X86-dword fetches are executed more quickly than non-aligned fetches, alignment yields higher 
performance. Given a non-aligned pointer to data on the host, the programmer can choose the 
next lower dword aligned address and use the OP{0|1|2}_ oo MRDRAM registers to select the byte 
offset (phase) within the dword where the first pixel begins. The OP{1|2}_ op MRDRAM registers 
are used for host sourced BitBLTs to control the phase alignment of data within the dwords written 
to HOSTDATA, following the BLTEXT. The programmer should set OP{1|2}_ o9MRDRAM.pt.X to 
(0, 1, 2, 3) to select the proper phase of alignment for host-sourced BitBLTs. Host-destination Bit- 
BLTs operate in a similar manner, giving the programmer the ability to select the phase within 
qwords in the frame buffer. The number of host destination dwords is always a multiple of two. The 
CL-GD5465 only supplies qwords for host destination BitBLTs. The programmer should set 
OPO_opMRDRAM.pt.X to (0, 1, 2, 3) to select the proper phase alignment for host destination Bit- 
BLTs. Phase-aligning host BitBLTs is strictly a performance enhancement. If it is not chosen, exer- 
cise caution and set the phase pointers to zero. This is important since expected data may not be 
aligned, and the number of dwords to supply may be calculated incorrectly. 


BitBLTs to and from the host are performed by setting up the OP pointers, the phasing pointers 
(previously described), the Control registers (BLTDEF, DRAWDEF), and commanding the BitBLT 
through the BLTEXT registers. It is important to properly calculate the number of HOSTDATA 
dwords to read or write. Equation 14-1 is the general formula for the number of HOSTDATA_dword 
writes. 

Hx (= x Sues Ren nivel 3+ phasetn yes) Ealistien ta 
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Equation 14-2 is the general formula for the number of HOSTDATA_dword reads. 
(= x BytesPerPixel+7+ phasetn Bytes) . 
Hx ———— Equation 14-2 


where, 

H is the height in rows (scanlines) of the BitBLT 

W is the width in pixels of each row 

BytesPerPixel = | (8 bpp), 2 (16 bpp), 3 (24 bpp), and 4 (32 bpp) 


In 32-bpp modes only, the above formula can be simplified to H x W. 


The RDQUEUE field in the STATUS register is ‘1’, if data is available for the host to read. The SWIZ 
bit in the SWIZ_CNTL register is set to reverse the bit order within bytes during host BitBLTs. This 
is useful for reversing the direction of font maps that are provided ‘backwards’ to the software. 


Host-to-screen BitBLTs using monochrome-to-color expansion have the following width limita- 
tions. When the CL-GD5465 is configured for 24-bpp, these BitBLTs are limited to 960 pixels. 
When the CL-GD5465 is configured for 32-bpp, these BitBLTs are limited to 896 pixels. 


14.2.7. Byte BitBLTs (MBitBLTs) 


Byte BitBLTs are available at all pixel depths to simplify off-screen memory management, making 
large parts of typical drivers independent of the color depth. Byte BitBLTs are also called mono- 
chrome BitBLTs or MBitBLTs, although they are not monochrome BitBLTs. Without MBitBLTs, the 
requirement to dword-align patterns in off-screen memory (while in packed 24-bpp formats) would 
be problematic since not all pixel-X pointers point to dword-aligned boundaries. 


To perform an MBitBLT, use the normal set up parameters for the BLTDEF and DRAWDEF regis- 
ters. Then set up the OP{0|1|2}_ op MRDRAM pointers with byte offsets. Finally, command the 
BitBLT extents with MBLTEXT registers. If monochrome expansion is being programmed, the 
MONOQW register must be set to the number of qwords that encompass the X extent of mono- 
chrome data (MONOQW = (Number_of_Bytes + 8) + 8). In addition, the pixel extent and pixel off- 
set of the destination must be set in the MONOQW register. 
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14.3 


14.4 


Tips and Tricks 


This section helps the programmer avoid common pitfalls and increase performance while pro- 
gramming the CL-GD5465. 


e Align patterns on tile boundaries for optimal memory bandwidth use. Patterns must be aligned on word 
boundaries. 


e Minimize the number of tile boundaries crossed in a given operation for optimal memory bandwidth use. 


e Many software errors can be traced to improper setup of three registers: BITMASK, BLTDEF, and 
DRAWDEF. These registers should be carefully set up. 


e In some cases it may be optimal to verify that the write queue contains sufficient entries by reading 
QFREE prior to a macro operation. On the PCI bus, this only reduces retries when other devices are 
contending for the bus. 


e Where multiple registers contain the same information, be certain that the Graphics Accelerator and Dis- 
play Controller register settings match for any given mode. 


e Operations fetching from SRAM are faster than operations fetching from RDRAM. If patterns are used 
several times in succession, cache them in SRAM. 


e Be careful to feed HOSTDATA the proper number of dwords when doing a host-sourced BitBLT. Also, 
when doing a host-destination BitBLT (refer to Section 14.2.6), be careful to read the proper number of 
qwords. 


e Set OP(1,2) opRDRAM.pt.X to (0, 1, 2, 3) to select the proper phase of alignment for host-sourced 
BitBLTs. 


e Set OPO_opRDRAM.pt.X to (0, 1, 2,..., 7) to select the proper phase alignment for host-destination 
BitBLTs and for SRAM result BitBLTs. 


e SRAM pointers that are not qword aligned causes the other bytes in the containing SRAM qword to be 
written. 


BitBLT Programming Examples 


Several BitBLT programming examples are discussed in the following sections. The actual source 
code is in the 5465Code directory provided on the Laguna™ VisualMedia™ Accelerators Family 
— CL-GD5465 Technical Reference Manual May 1997 CDROM. These examples contain the 
name of the register to be written, followed by the value to be written. The values are in decimal 
or hex. Register names follow the coding practice found in the LGREGS.H file and the register 
chapters of this manual. 


Reading the Programming Examples 


When reading or using the BitBLT programming examples, follow the instructions at the beginning 
of this chapter. HOSTDATA indicates data being written to the HOSTDATA port from the system 
CPU during a host to frame buffer or SRAM BitBLT. Following the BLTEXT command in these 
cases, HOSTDATA lines are provided with the proper number of dwords. One or more dwords are 
appended to a single HOSTDATA line. All HOSTDATA writes are 32-bit writes regardless of the 
numeric format in the example. Another special case is READHOSTDATA followed by the size 
(byte, word, dword) to be read back from a frame buffer or SRAM during the host BitBLT. 


Table 14-2 can be used as a guide to the programming examples. 
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Topic Section Source Code 

Software cursor Section 14.4.1 5465Code/2D/SwCursor 
Font load Section 14.4.2 5465Code/2D/LoadFont 
Text BitBLT, foreground/background color Section 14.4.3 5465Code/2D/TextBLT 1 
Text BitBLT, monochrome font from host Section 14.4.4 5465Code/2D/TextBLT2 
Text BitBLT, transparent background Section 14.4.5 5465Code/2D/TextBLT3 
Simple source copy Section 14.4.6 5465Code/2D/SourcCpy 
Copy frame buffer-to-host Section 14.4.7 5465Code/2D/FB2HCopy 
Color-pattern BitBLT Section 14.4.8 5465Code/2D/CLPatBLT 
Monochrome-to-color BitBLT Section 14.4.9 5465Code/2D/M2CBLT 
Solid color fill Section 14.4.10 5465Code/2D/Sol Fill 
Copy host-to-SRAM-to-frame buffer Section 14.4.11 5465Code/2D/H2Sram 
Transparent monochrome cursor Section 14.4.12 5465Code/2D/MonoCurs 
Color-transparency BitBLTs Section 14.4.13 5465Code/2D/ColTrans 
Monochrome pattern transparency mask Section 14.4.14 5465Code/2D/MonoPatt 
Byte BitBLT using MBitBLT and BitBLT for color fills Section 14.4.15 5465Code/2D/CollFill 
Byte BitBLT using MBitBLT to off-screen cache Section 14.4.16 5465Code/2D/Cache 


Header file: Igtypes.h 


Section 14.5.1 


5465Code/2D/Igtypes.h 








Header file: Igregs.h 





Section 14.5.2 





5465Code/2D/Igregs.h 
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14.4.1. Software Cursor Programming Example 


The CL-GD5465 supports a 64 x 64 bit-mapped hardware cursor. The example is for illustrative 
purposes only. It provides a method of software implementation for generating cursor-like objects 
of arbitrary size, color, and transparency properties. 


A monochrome transparency mask is combined with a color cursor map. The color cursor is in the 
shape of a picture frame. The monochrome transparency mask is the frame’s interior region. This 
type of operation could be used in a game for a target sighting device. The cursor color and trans- 
parency maps are loaded into off-screen memory. The cursor area is then saved to off-screen 
memory and the cursor is painted. The off-screen save area is copied back to the cursor location. 
The cursor is moved and the cycle repeats. The example in Section 14.4.2 shows the first two 
cycles of moving the cursor diagonally from upper left towards lower right. The delta X and delta 
Y movements are set to ‘1’. Redundant register writes are eliminated from the example. 


14.4.2 Font Load Programming Example 


This example illustrates a simple move of a block of data from the host to the frame buffer. The 
host is caching a font (typically in off-screen memory) to use in a subsequent text BitBLT. The 
monochrome bitmap is treated as color data and moved to the frame buffer. Ensure that the proper 
number of dwords are written to the HOSTDATA register following the BLTEXT command. The 
number of dwords is the number of lines times the number of dwords required to contain all the 
data on a single line. For instance, a font that fills 5 bytes in width and 21 lines in height requires 
2 x 21 = 42 dwords, since 5 bytes consume all of one and part of a second dword. For more infor- 
mation on calculating the number of dwords, reference the general formula in Section 14.2.6 of 
this chapter. 


14.4.3 Text BitBLT: Foreground/Background Color Programming Example 


This text BitBLT example writes a character to the screen from a monochrome bitmap with ones 
appearing as foreground color and zeroes appearing as background color. The bitmap is assumed 
to be in the frame buffer. Fill out the foreground and background colors in the Foreground Color 
and Background Color registers if they are 8 or 16 bpp (in 8 bpp the color is repeated four times). 


14.4.4 Text BitBLT: Monochrome Font from Host Programming Example 


This example illustrates how to write a character to the screen with the font cached on the host. 
This method of rendering characters can be simpler and faster than caching fonts in the frame 
buffer in some systems. If the monochrome font bitmap is provided by the function that is request- 
ing the font to be rendered, then skipping the cache to off-screen eliminates unnecessary memory 
accesses. 


14.4.5 Text BitBLT: Transparent Background Programming Example 


This example places an 8 x 8 character on the screen. The character is foreground color and the 
background is transparent. Both OP1 (SRC) and OP2 (PAT) are pointed to the same font. While 
OP1 performs the foreground monochrome-to-color conversion, OP2 performs the transparent 
decision making. 


14.4.6 Simple Source Copy Programming Example 


This example is of a BitBLT moving a rectangular region from one location in the frame buffer to 
another location. Analyze the cases for overlapping BitBLTs. Overlapping BitBLTs that move down 
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(increasing Y) the screen are performed with BLTDEF.YDIR set to up, and with the source and des- 
tination pointers anchored to the lower-left corners of the rectangles. Overlapping BitBLTs that 
move up the screen are performed with BLTDEF.YDIR set to down, and with the source and des- 
tination pointers anchored to the upper-left corners. Additionally, the programmer should consider 
the case of a purely horizontal, left-to-right BitBLT that has the destination overlapping the source. 
This BitBLT results in vertical stripes unless it is broken up into vertical strips of 128-byte width or 
cached through an intermediate buffer. 


14.4.7. Copy Frame Buffer-to-Host Programming Example 


This BitBLT example moves a rectangular block from the frame buffer into the host memory. To set 
up the BitBLT parameters, issue the BLTEXT command and read the appropriate number of 
dwords from the HOSTDATA register. Ensure that the proper number of dwords are read from the 
HOSTDATA register. The number of dwords is the number of lines times the number of dwords 
required to contain all the data on a single line rounded up to the nearest qword. The 2D engine 
only supplies data in 8-byte units to the host. For instance, a font that fills 5 bytes in width and 21 
lines in height requires 2 x 21 = 42 dwords, since 5 bytes consume all of one and part of a second 
dword. For more information on how to calculate the number of dwords, reference the general for- 
mula in Section 14.2.6. 


14.4.8 Color-Pattern BitBLT Programming Example 


In this example, a color-pattern BitBLT tiles a rectangular region with a patterned source. OP1 
fetches the pattern from the frame buffer. The result is written to another frame buffer location. 


All patterns are 8 x 8 pixels in dimension. Eight- and 16-bpp patterns are stored linearly in adjacent 
memory locations; 24- and 32-bpp patterns are stored on two adjacent lines (same X, Ys differ by 
one). Align pattern sources to qword boundaries. 


The pattern (0,0) is anchored to the frame buffer (0,0) and is moved with respect to this anchoring 
by setting the PATOFF(X,Y) register. PATOFF(X,Y) values of (0,0) anchors the upper-left corner of 
the pattern to (0,0) in the frame buffer. PATOFF(X,Y) values of (7,7) anchors the lower-right corner 
of the pattern to (0,0) in the frame buffer. Once a PATOFF value is selected, all subsequent pat- 
terned BitBLTs align with each other regardless of their destination addresses. 


14.4.9 Monochrome-to-Color BitBLT Programming Example 


This is an example of a monochrome-to-color BitBLT. 


14.4.10 Solid-Color-Fill Programming Example 
This example fills a rectangular frame buffer region with the color specified in the BGCOLOR reg- 
ister. 


14.4.11 Copy Host-to-SRAM-to-Frame Buffer Programming Example 


This example loads a pattern from the host into the OP1 SRAM. This operation improves perfor- 
mance by loading SRAM prior to a series of patterning operations. A pattern BitBLT from the frame 
buffer loads SRAM during its operation. Subsequent BitBLTs are then performed from SRAM with- 
out an explicit move into SRAM. 


NOTE: _ If auto-BitBLTs are triggered, there is a possibility that the SRAM contents are overwritten during 
the auto-BitBLT. This can trigger between the first and second BitBLTs, invalidating the data. 
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14.4.12 Transparent-Monochrome Cursor Programming Example 


This example shows how to use two separate monochrome maps to implement a cursor. The 
shape of the cursor is defined by one transparency mask; the two foreground and background col- 
ors are defined by the other mask. The resulting cursor is a two-color picture frame shape with a 
transparent center cutout. The monochrome masks are stored in the frame buffer with two host 
BitBLTs, and the cursor object is rendered from them. 


14.4.13 Color-Transparency BitBLTs Programming Example 


Use this example to put a striped-color rectangle on the screen. Use SRAM as an example, fol- 
lowed by a color-pattern load. The color pattern is displayed and then BitBLTed on top of the orig- 
inal rectangular area twice, once with source transparency and again with destination 
transparency. These BitBLTs are useful for ‘blue-screen’ animation. 


14.4.14 Monochrome-Pattern-Transparency Mask Example 


This BitBLT example puts several 8 x 8 patterns onto the destination region. The result is a four- 
square set of BitBLTs. The monochrome pattern is stored in the frame buffer in one 64-bit qword. 
With monochrome transparency, the monochrome bits directly control the writes to the frame 
buffer. With the transparency compare operation set to equal, any bit that is a one blocks the write 
to the frame buffer for the corresponding pixel; a zero bit allows the write. The foreground and 
background colors need only be set if the programmer is actually using the monochrome-to-color 
conversion. 


14.4.15 Byte BitBLT Using MBitBLT and BitBLT for Color Fills Example 


In this example, a 16-bpp frame buffer demonstrates how to put four colored rectangles of pixel 
extent, 100 x 100 (byte extent 200 x 100 lines) onto the screen with mixed-OP pointer types and 
BLTEXT types. 


14.4.16 Byte BitBLT Using MBitBLT to Off-Screen Cache Example 


Using the MBitBLT from the host, this example demonstrates loading a 56-byte auto-BitBLT record 
into the frame buffer at (0,1024). This is useful for loading data off screen in a bit-per-pixel inde- 
pendent manner. Typical uses of this example are for font loading, pattern caching, auto-BitBLT 
record downloads, and cursor-bitmap loading. 


14.5 Register Header Files 


This section presents the implementation of a set of C language data types and structures and 
header files used for interfacing software to the CL-GD5465. 


14.5.1 Igtypes.h 


The first file, Igtypes.h, defines several C language data types used to create the registers data 
structure that follows in the second file, Igregs.h. 


14.5.2 Igregs.h 


This file contains the register-set mapping with all component offsets correctly matched to the 
CL-GD5465. It contains a record definition for the auto-BitBLT record using the types defined in 
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Igtypes.h to construct the Graphics_Accelerator_Registers_ Type. Bit-field# definitions are given 
to simplify construction of control fields for selected registers. 


2D Graphics Engine Initialization 


This section discusses initialization of the CL-GD5465 2D Graphics Accelerator registers. It is for 
display-driver developers working on the adapter initialization code. The following documentation 
distinguishes between display mode initialization code (mode-switch code) and 2D engine initial- 
ization code. 


The mode-switch code is typically implemented in the BIOS. This code handles the details of set- 
ting up the display mode. 


The display initializes and manages the 2D Graphics Engine registers. Some of these registers 
are set once by the programmer and never require to be set again. Others may need short-term 
changes from the ‘normal’ setting for specific operations. 


The display-driver programmer must consider initializing the following registers: BITMASK, 
CONTROL, LINECTL, OFFSET_2D, TAG_MASK, and TIMEOUT. 


BITMASK Register 


The 2D engine initialization code manages the BITMASK register. This register is typically not 
modified by the mode-switch code. The BITMASK register is set to all ones, allowing writes to all 
bits of each dword. For certain specialized graphics operations, this value can be overridden. Be 
sure to re-enable all bits. 


CONTROL Register 


In the CONTROL register, the BPP[1:0] and WIDE_TILE fields are set by the mode-switch code, 
and not the AUTO_BLT_EN and SWIZ_CNTL fields. The SWIZ_CNTL field is typically set to ‘0’. 
Operations that specifically require the swizzling of host data should use the SWIZ bit in the 
SWIZ_CNTL register. 


Whether or not the programmer enables auto-BitBLTs by default is a design decision. Typically, 
auto-BitBLTs are enabled. Graphics operations that use SRAM for intermediate storage should 
disable auto-BitBLTs to prevent the contents of the SRAMs from being destroyed by auto-BitBLTs. 


LINECTL and STRETCH_CTRL Registers 


Most LINECTL and STRETCH_CTRL register fields are set by the graphics operations that use 
them. Only the Graphics Pixel Format field is set by the mode-switch code to match the value in 
CONTROL.BPP. This field is normally set to match CONTROL.BPP for the benefit of stretch 
BitBLTs. 


OFFSET_2D Register 


The OFFSET_2D register typically does not have to be set, since most applications put the 2D 
frame buffer at ‘0,0’. However, the programmer should initialize and control this register appropri- 
ately for applications that require a non-zero start for the 2D frame buffer (for example, for double- 
buffered graphics). 
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TAG_MASK Register 


In the TAG_MASK register, the PTMASK field is set to ‘1’ when using 9-bit RDRAMS. The pro- 
grammer can use the PTAG field in the DRAWDEF register to tag video data in the frame buffer. 


TIMEOUT Register 


The TIMEOUT register controls the behavior of the 2D engine during long transactions from the 
host interface. This is caused by trying to write to the command FIFO when there is no space avail- 
able. If the transaction times out, the data in the transfer is dropped and the bus is released. This 
causes erratic behavior in the display driver, but is more acceptable than locking up the bus. To 
circumvent this problem, set the time-out delay to a large value and enable time-outs. In particular, 
set TIMEOUT.TIMEOUT to ‘1111’, TIMEOUT.TIMEOUT_EN to ‘1’, and TIMEOUT.TIMEOUT_X16 
to ‘1’. This should only be required during driver development as a debug aid. Production drivers 
should have TIMEOUT disabled. 


Clipping 


Normally, when doing a BitBLT, the destination rectangle (destination point + destination extents) 
defines which screen pixels will be affected. When hardware clipping is turned on, the user can 
also specify a second destination rectangle, called a clipping rectangle. The pixels on the screen 
that are affected by the BitBLT are those contained in the intersection between the destination 
rectangle and the clipping rectangle. 


Hardware clipping is almost always faster than software clipping. Pixels to the right of and below 
the clipping rectangle are rejected by adjusting the BitBLT extents within the part. Pixels above the 
clipping rectangle are rejected at a cost of one clock per scanline. Pixels to the left of the clipping 
rectangle are processed normally, and masked off before being written to the frame buffer. 


Hardware clipping is enabled by turning on the DD_CLIPEN bit in the DRAWDEF register. When 
this bit is ‘0’, clipping is disabled and the pixels affected by a BitBLT are selected only by the des- 
tination rectangle. When this bit is ‘1’, clipping is enabled and the pixels affected by a BitBLT are 
selected by the intersection of the destination rectangle and the clipping rectangle. 


Clipping rectangles are defined by their top row, bottom row, left column, and right column. They 
are upper-left inclusive and bottom-right exclusive. That is, the upper and left boundaries are writ- 
ten, and the bottom and left boundaries are not. Table 14-3 defines a clipping rectangle by register. 


Table 14-3. Clipping Register Rectangle Definitions 








Register Defines 

CLIPULE Upper row and left column of the clipping rectangle. 
These pixels are inside of the clipping rectangle. 

CLIPLOR Lower row and right column of the clipping rectangle. 
These pixels are outside of the clipping rectangle. 














If the bottom row is equal to the top row, then the clipping rectangle is said to be NULL and no 
pixels are drawn. Likewise, if the left column is equal to the right column, no pixels are drawn. If 
the clipping rectangle does not intersect the destination rectangle, no pixels are drawn. 


A clipping rectangle is inverted if the bottom row is less than the top row or the right column is less 
than the left column. An inverted clipping region is treated like a NULL clipping region (nothing is 
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drawn), except that rejection may be slower. For clipping to work properly, the clipping rectangle 
must be well ordered, regardless of the value of the BD_Y_DIR bit in DRAWDEF. 


The clipping rectangle is reusable. If there are several BitBLT operations that are all bounded by 
a single clipping rectangle, the clipping rectangle need only be defined once. An example of this 
is a clipped text string, where each glyph in the string was drawn with a separate BitBLT. 


A rectangle can also have complex clipping through software. A BitBLT has complex clipping if 
there is more than one clipping rectangle for a single BitBLT. For example, a triangle might be 
drawn on the screen by defining a destination rectangle the encloses the entire triangle, and then 
defining a separate clipping rectangle for each scanline. The BitBLT is programmed just like a non- 
clipped BitBLT, except for the extents. Instead of writing the BLTEXT_EX registers, which would 
start the BitBLT, write the BLTEXT registers. This programs the BitBLT extents without starting the 
BitBLT. Now define the clipping rectangles. 


Define the upper-left corner of the first clipping rectangle with the CLIPULE register as usual. 
When defining the lower-right corner of the first clipping rectangle, use the CLIPLOR_EX register, 
which both defines the clipping rectangle and starts the BitBLT. Write CLIPULE and CLIPLOR_EX 
for the second clipping rectangle, and the third, and so on. Each clipping rectangle written will start 
a BitBLT using the original BitBLT parameters and the current clipping rectangle. 


Use the CLIPLOR and CLIPULE_EX registers to do complex clipping. Ensure that for the first cor- 
ner of the clipping rectangle a non-execute register (CLIPULE or CLIPLOR) is used, and for the 
second corner an execute register (CLIPULE_EX or CLIPLOR_EX) is used. 


To specify a monochrome clipping rectangle, use the MCLIPLOR, MCLIPULE, MCLIPLOR_EX, 
and MCLIPULE_EX registers. These registers behave just like their color counterparts, except 
they are not byte converted. Resize BitBLTs can also be clipped, but the BD_TYPE field in 
BLTDEF must first be set to resize the BitBLT (bit 11 = 0, bit 10 = 0, bit 9 = 1). However, HOSTDATA 
cannot be clipped. 


Auto-BitBLTs 
This section discusses the auto-BitBLT feature of the CL-GD5465. 


Programming Resize BitBLTs Using Auto-BitBLT 


The auto-BitBLT feature of the CL-GD5465 allows a number of operations to be performed as a 
single operation. The primary purpose is to ensure that resize operations write data to the display 
surface when possible, without interfering with the smooth display of data from the display surface. 
This is to prevent image tearing or banding. 


A secondary feature is that the resize BitBLT, associated with window 2, is triggered purely by the 
external video data source connected to the V-Port (for example, an MPEG decoder, a TV-stan- 
dard converter, or similar device) without additional software intervention. 


The auto-BitBLT table header can store or combine commonly used BitBLT operations into macro 
BitBLT operations. The auto-BitBLT headers are written into RDRAM. The CL-GD5465 reads the 
header from RDRAM when it is triggered, and loads the internal registers from the appropriate 
fields. 


The auto-BitBLT headers associated with each video display window point to the 
RESIZE_A_OPRDRAM, RESIZE_B_OPRDRAM, and RESIZE_C_OPRDRAM pointers for 
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windows 1, 2, and 3, respectively. The RESIZE pointers also contain bits to arm the auto-BitBLT 
(bit 30 = 1) or, if this is a macro BitBLT operation, to immediately trigger the auto-BitBLT (bit 31 = 1). 


There is also a master auto-BitBLT trigger/arm enable control bit in the CONTROL register (bit 
8 = 1). This bit must be set for any auto-BitBLT or macro BitBLT operations to work. 


See Table 14-5 on page 14-24 for header layouts of the CL-GD5462, CL-GD5464, and 
CL-GD5465. To write an auto-BitBLT header into the frame buffer, it can be either directly written 
using the mapped linear address that corresponds to the X,Y location in the frame buffer, or cop- 
ied, using a host BitBLT as an 80-bytes wide by 1-scanline high color data object. 


Note that fields that are not used in the resize BitBLT should be programmed to ‘0’. 


The STRETCH_CTRL register used in the auto-BitBLT header has two fields programmed to ‘0’ 
when the STRETCH_CTRL register is used in a manually-commanded Resize BitBLT. The first 
field is STR_RESIZE. If this is an auto-BitBLT header used for a resize BitBLT, bit 6 is set to ‘1’; 
this bit is set to ‘0’ if this auto-BitBLT header is being used for a regular BitBLT operation (such as 
a macro BitBLT). The second field is bit 7 (STR_CHAIN_EN) that indicates to the CL-GD5465 to 
load the auto-BitBLT header pointed to by NEXT_HEAD at the completion of this operation and 
execute it immediately. This allows synthesizing complex operations for macro BitBLTs or other 
video special effects. 


When loading and immediately using the auto-BitBLT or macro BitBLT tables, the RESIZE pointers 
and control bits that arm and trigger them are ‘Immediate’ registers that bypass the Command 
FIFO to the 2D engine. That is, if a host BitBLT loads the tables, it is necessary to check that the 
operation completes (STATUS [2:0] = 000) before writing the RESIZE pointer. If the tables are writ- 
ten into RDRAM by the direct linear frame buffer interface, issuing a read to the frame buffer 
ensures that the written data is completely flushed from the write FIFO, and that it is safe to write 
the RESIZE pointer. 


14.8.2 Programming Safe Times for Auto-BitBLTs 


The safe time for an auto-BitBLT to occur is when no part of the previous image is displayed from 
the display surface while the corresponding section of the new image is being loaded. 


To calculate a safe time for an auto-BitBLT, it is necessary to determine two things: the refresh rate 
of the display being driven and the time to complete the update operation. 


Take, for example, a 1024 x 768 display that is refreshed at 75 Hz. This means that any part of the 
frame buffer is displayed at 13.3-ms intervals. If the operation is the full-screen stretch of the above 
examples, this is likely to take about 16.3 ms. To calculate this figure, multiply the X extent of the 
destination in pixels by the Y extent of the destination in scanlines, and divide by 48 million pixels- 
per-second. 


Note that this is preliminary data assuming 62.5 MHz for MCLK and approximately 22% overhead 
for fetch/latency during resize operations. The actual figure will depend upon the selected MCLK. 


As the operation takes longer than the display refresh cycle, start the auto-BitBLT soon after the 
start of the display cycle so that when the next display refresh cycle starts reading, it is writing as 
close to the bottom of the display area as possible. As this operation takes approximately 25% 
longer than the display cycle, do not command the operation to start if the display cycle is more 
than 75% complete. This implies that the START_BLT_{1|2|3} can be programmed to ‘COh’ and 
that STOP_BLT_{1|2|3} can be programmed to ‘09h’ (bits 5:0 = 75% x 768 + 64). 
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If the operation being performed takes a shorter period than a display cycle, ensure that the dis- 
play count is far enough ahead of where the destination to start writing output data for the opera- 
tion. This prevents an overwrite of data as the display refresh outputs to the display. If using the 
same display rate and performing a stretch into a 700 x 480 region located at a Y offset of 
120 scanlines, then it takes approximately 7 ms to perform the operation. This is 50% of a display 
cycle, therefore the operation can only start when the vertical count reaches C3h {[480 + 120 — 
(50% x 768)] x 64 rounded up}. Also, the time to not start the operation is when the display refresh 
count is lower than the result of this equation. Set STOP > START, therefore it is best to set 
STOP = COh [768 = 64 = 12]. 


Note that the calculation of resize times is, to a large extent, independent of the size of the source 
region that is, stretching a 160 x 120 region to 1024 x 768 requires the same amount of time (1%) 
as it takes to stretch a 360 x 240 region to 1024 x 768. 


Graphics Accelerator Registers 


Only the RSIZE{A—-C}_ opRDRAM registers are discussed in this section because they have con- 
trols unique to auto-BitBLTs. 


These three registers control the trigger and arming functions auto-BitBLT for the three windows. 
In addition, they contain the XY address of the auto-BitBLT headers. The auto-BitBLT headers 
contain the details of the respective auto-BitBLT. The auto-BitBLT headers contents are shown in 
Table 14-5. 


Table 14-4 shows the offsets of these three registers and indicates the associated window. 


Table 14-4. Window Selection 






Register MMI/O Offset Associated Window 


RESIZEA_opRDRAM 








RESIZEB_opRDRAM 40Ch 2 





RESIZEC_opRDRAM 410h 3 

















Auto-BitBLT Header 


The parameters for an auto-BitBLT are kept in RDRAM and loaded into the appropriate registers 
when necessary (that is, when the auto-BitBLT is about to begin). The parameter set is called an 
auto-BitBLT header. The pointer to the auto-BitBLT header is in the appropriate 
RSIZE{A—C}_opRDRAM register. Table 14-5 shows the layout of the auto-BitBLT headers for each 
member of the CL-GD546X family. 


Table 14-5. Auto-BitBLT Header Contents 














Word CL-GD5465 Register CL-GD5464 Register CL-GD5462 Register 
0 STRETCH_CTRL STRETCH_CTRL LNCNTL 
1 SHRINKINC SHRINKINC SHRINKINC 
2 DRAWDEF DRAWDEF DRAWDEF 
3 BLTDEF BLTDEF BLTDEF 
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Word CL-GD5465 Register CL-GD5464 Register CL-GD5462 Register 
4 OP_opFGCOLOR[15:0] OP_opFGCOLOR|[15:0] OP_opFGCOLOR[15:0] 
5 OP_opFGCOLORJ31:16] OP_opFGCOLOR{[31:16] OP_opFGCOLORJ[31:16] 
6 OP_opBGCOLOR[15:0] OP_opBGCOLOR|15:0] OP_opBGCOLOR|15:0] 
7 OP_opBGCOLOR[31:16] OP_opBGCOLOR[31:16] OP_opBGCOLOR[31:16] 
8 OPO_opMRDRAM.PT.X OPO_opRDRAM.PT.X OPO_opRDRAM.PT.X 
9 OPO_opRMDRAM.PT.Y OPO_opRDRAM.PT.Y OPO_opRDRAM.PT.Y 
A MAJ_Y MAJ_Y MAJ_Y 
B MIN_Y MIN_Y MIN_Y 
Cc OP1_opMRDRAM.PT.X OP1_opRDRAM.PT.X OP1_opRDRAM.PT.X 
D OP1_opMRDRAM.PT.Y OP1_opRDRAM.PT.Y OP1_opRDRAM.PT.Y 
E ACCUM_Y ACCUM_Y ACCUM_Y 
F PATOFF PATOFF PATOFF 
10 OP2_opMRDRAM.PT.X OP2_opRDRAM.PT.X OP2_opRDRAM.PT.X 
11 OP2_opMRDRAM.PT.Y OP2_opRDRAM.PT.Y OP2_opRDRAM.PT.Y 
12 MAJ_X MAJ_X MAJ_X 
13 MIN_X MIN_X MIN_X 
14 MBLTEXT_EX.PT.X BLTEXT_EX.PT.X BLTEXT_EX.PT.X 
15 MBLTEXT_EX.PT.Y BLTEXT_EX.PT.Y BLTEXT_EX.PT.Y 
16 ACCUM_X ACCUM_X ACCUM_X 
17 OPO_opSRAM OPO0_opSRAM OPO_opSRAM 
18 SRCX SRCX SRCX 
19 OP2_opSRAM OP2_opSRAM OP2_opSRAM 
1A NEXT_HEAD.PT.X NEXT_HEAD.PT.X NEXT_HEAD.PT.X 
1B NEXT_HEAD.PT.Y NEXT_HEAD.PT.Y NEXT_HEAD.PT.Y 
1C CHROMA_LOWER[15:0] CHROMA_LOWER[15:0] 
1D CHROMA_LOWER[31:16] CHROMA_LOWER[31:16] 
1E CHROMA_UPPER[15:0] CHROMA_UPPER[15:0] 
1F CHROMA_UPPER[31:16] CHROMA_UPPER[31:16] 

20 CHROMA_CTRL CHROMA_CTRL 
21 LUMINANCE_ENH Reserved 
22 Reserved 
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Table 14-5. Auto-BitBLT Header Contents (cont.) 











Word CL-GD5465 Register CL-GD5464 Register CL-GD5462 Register 
23 Reserved 
24 MCLIPULE.PT.X 
25 MCLIPULE.PT.Y 
26 MCLIPLOR.PT.X 
27 MCLIPLOR.PT.Y 




















Programmers should be aware that these headers are not compatible and that code must be 
aware of which device is being programmed. 


Note that X pointer/extent values in the CL-GD5462/4 tables are byte-converted on being loaded 
into the device, using current CONTROL register settings or, if RESIZE is set in LNCNTL, using 
the LNCNTL type size. Values for the CL-GD5465 must be converted in software prior to being 
written into the table. 
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15.1.1 


3D PROGRAMMER’S GUIDE 


This chapter presents the information necessary to program 3D functions on the CL-GD5465. The 
3D rendering engine can draw polygons with Gouraud shading, alpha blending, Z-buffering, and 
texture mapping. Autonomous execution from a display list and a rich instruction set combine to 
minimize the load on the host while rendering 3D scenes. 


The registers used by the 3D engine are covered in Chapter 10, “3D Graphics Accelerator Regis- 
ters”. These registers are all accessible in MMIO space, with or without byte swapping. When the 
engine is running in Display List mode, these registers are loaded from the display list by the 
engine. 


Architectural Overview 


This section provides a brief overview of the CL-GD5465 graphics system from a programmer's 
point of view. It begins with an overall system block diagram (Figure 15-1 on page 15-3) that illus- 
trates the entire graphics system. This is followed with a block diagram (Figure 15-2 on page 15-4) 
showing a conceptual view of the CL-GD5465. 


System Block Diagram 


Figure 15-1 shows a graphics subsystem based on the CL-GD5465. The blocks shown as solid 
lines are in the CL-GD5465 device. The blocks shown as dotted lines are outside the CL-GD5465 
device. 


The graphics subsystem provides a visible rectangular display mapped onto a rectangular mem- 
ory space. This memory space is the frame buffer. The frame buffer is implemented using 
RDRAMs. 


On the input side of the frame buffer is a standard SVGA controller, a 2D/3D engine, a direct frame- 
buffer interface unit, and a V-Port video bus interface. On the output side of the frame buffer is the 
RAMDAC, which in turn drives the monitor. 


The CRTC generates the display timing, providing horizontal and vertical synchronization terms 
for the monitor and display refresh requests to the frame buffer. The CRTC also provides a blank- 
ing term to the RAMDAC. 


The RAMDAC maps memory contents to RGB color values. The frame buffer contains a descrip- 
tion of each pixel on the screen. It can also contain an off-screen color buffer, Z buffer, and texture 
maps. The format of the pixel and texel descriptions in the frame buffer can be palletized, RGB, or 
YUV. The frame buffer can contain pixels in more than one format. 


The various blocks within the CL-GD5465 can be programmed by the CPU through the PCI bus 
interface. Alternately, the CL-GD5465 can become a PCI bus master under the control of the 
prefetch unit to fetch instructions and parameters from host system memory. The HostXY unit can 
also initiate bus master operation to fetch texture maps or render a color buffer and Z buffer to host 
memory. 


Also available on the PCI bus are a set of standard VESA VBE v2.0 BIOS software routines for 
implementing the VESA SVGA standard, and for initializing and testing the system. 


Finally, the CL-GD5465 has a set of PCI Configuration registers. 
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Figure 15-1. Graphics System Based on the CL-GD5465 
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15.1.2 Internal Architecture 


Figure 15-2 is a conceptual diagram of the internal architecture of the CL-GD5465. It is imple- 
mented around two internal buses. The host bus is shown as HIFBUS and the memory bus is 
shown as RIFBUS. The HIFBUS is connected to the external PCI/AGP bus through the host inter- 
face module. The RIFBUS is connected to the Rambus channel through a RIF (Rambus interface) 
and RAC (Rambus access channel). The host interface module synchronizes the external bus 
clock to the internal memory clock. Both the HIFBUS and RIFBUS are synchronous to the internal 
memory clock (nominally 62.5 MHz). 


The functional modules of the CL-GD5465 are connected to one or both of these buses. The host 
interface and 2D/3D modules are described in the following sections. Descriptions of the remain- 
ing modules can be found in Chapter 14, “2D Programmer’s Guide”. 
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Figure 15-2. CL-GD5465 Internal Architecture 
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15.1.2.1. Host Interface 


The host interface provides a PCI v2.1- and AGP-compliant target and bus master interface, func- 
tional units to permit the CL-GD5465 to behave as a graphics processor with its own instruction 
set, and an interface to the internal HIF bus. 


Figure 15-3 presents the functional units of the host interface. The command queue, read queue, 
bi-endian swap logic (for writes and reads), address decoder, and PCI control (target) units pro- 
vide PCI/AGP-compliant target transfers of data to or from the CL-GD5465. The prefetch unit and 
the PCI control (master) unit use PCI bus master cycles to fetch display list instructions and 
parameters from host system memory. Similarly, the HostXY and PCI control (master) units allow 
reads of textures maps stored in host memory and rendering (reads and writes) of a color buffer 
and Z buffer to host memory. 


The 8 x 43 command queue allows the CL-GD5465, when acting as a PCI target, to release the 
host as soon as the transaction parameters have been recorded. This enables the host and media 
accelerator to operate with a high degree of parallelism. 


The host address bus (specifically the address phase of the multiplexed AD bus) enters the 
address decoder where the CL-GD5465 determines if it is the target of the transaction about to 
occur. If it is the target of the transaction, the appropriate acknowledge lines are activated by the 
bus control block and the address is placed in the command queue along with a tag value that 
indicates the transaction type. 


Entries are removed from the command queue and passed on to the appropriate internal block for 
execution. If the command queue is full, the bus control unit inserts wait cycles until one or more 
free entries are available. 


Read transactions must be executed by the CL-GD5465 before the host can be released (since 
the data must be made available to the host). Generally, this requires a number of wait states. For 
BIOS reads, up to 4 bytes are assembled into the read queue before the data is placed on the data 
bus and the host is released. 


The prefetch unit is responsible for the fetch and pre-decode of display list instructions from host 
memory. Rendering instructions are forwarded to the 2D/3D engine by the command queue. Con- 
trol instructions are executed immediately by the prefetch unit. Internal interrupt or wait events, 
such as a display buffer switch or a VSYNC, are handled by this unit to achieve maximum anima- 
tion performance. 


The HostXY unit translates texture or pixel transactions from the 2D/3D engine into PCI bus mas- 
ter transactions to the host memory and checks that the addresses are in a valid range. Pixel or 
Z data writes are queued in the read queue for optimal performance. 
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Both the prefetch and HostXY units contain virtual-to-physical address translation logic that reads 
a translation table from host memory. 


Bi-endian swaps (dword or word) can occur (as needed) on data passing in either direction 
through the host interface. 


The VMI host interface port is closely integrated with the host interface. If the CL-GD5465 is con- 
figured for a VMI host interface port, accesses to a specific range of MMIO offsets are converted 
into accesses to the local peripheral. 






PCI/GP 
2-H > 
BUS VMI HOST INTERFACE 


EPROM DATA > 






























































BI-ENDIAN fi 
SWAP 5 
Oo 
Ww COMMAND 
ss = QUEUE 
<q 
8x43 
ADDRESS SELECTS 
DECODER 
BI-ENDIAN 
SWAP 
i HOSTXY 
PCI BUS UNIT 
CONTROL 
CONTROLS (SLAVE) 
INTERNAL 
Pcl BUS BUS 
NTROL 
PREFETCH 
(MASTER) UNIT 





Figure 15-3. Host Interface Block Diagram 
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Figure 15-4. 2D/3D Graphics Engine Model and Data Flow 
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15.2 


15.2.1 


3D Rendering Overview 


The following sections discuss 3D rendering as it is done in the CL-GD5465. First, the DDA (digital 
differential analyzer) is reviewed. Rendering of a flat polygon is covered to introduce the method 
used by the CL-GD5465. Then, shaded coloring (Gouraud shading) of the polygon is explained. 
Methods of clipping and masking are covered. Finally, lighting, aloha blending, and texture map- 
ping are discussed. 


Figure 15-5 is a simplified block diagram of the 3D engine. The polygon interpolator determines 
the pixels that fall within the polygon and includes the color (RGB) interpolators. This runs in par- 
allel with the texture interpolator and its cache. X-Y clipping, the depth comparison logic (hidden 
surface removal), and destination masking all are used to determine whether pixels are actually 
written. The pixels that are actually written go through the lighting and saturate stages, through 
the alpha blending stage to determine their final color, and are then written. 


TEXTURE SRAM2 
INTERPOLATOR 
AND CACHE 


POLYGON, RGB 
INTERPOLATORS 


X-Y CLIPPING, Z-CLIPPING, 
SRAMO, 1 DESTINATION MASKING, 


TEXTURE MASKING 


LIGHTING AND SATURATE STAGE 
ALPHA BLENDING AND FOG STAGE 


Figure 15-5. Highly Simplified Block Diagram of 3D Engine 





Incremental Line-Drawing Algorithm 


The straight line is the basis of all objects drawn by the 3D engine. To understand how lines are 
drawn (or more properly, how pixels along a line are selected), one must first understand the incre- 
mental line-drawing algorithm or DDA (digital differential analyzer). All modern line-drawing 
engines use incremental line-drawing algorithms since they are well understood and well suited 
to evaluation with adders. Bresenham’s algorithm is an example of a DDA that is especially well 
suited to integer arithmetic. 


An incremental algorithm begins at the starting point and proceeds for some number of iterations, 
calculating the location of a single pixel for each iteration. For each iteration, an increment or delta 
is added to each coordinate to calculate the location of the next pixel in the line. The number of 
iterations is the number of points in the line or the distance to be spanned. 


The axis whose span is greater is called the step or major axis. For rendering into a discrete 
bitmap, the increment for the major axis is always set to unity. Exactly one pixel is drawn in each 
scanline (for a Y-major line) or column (for an X-major line). There is no sense in calculating 
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positions between pixels (in the major axis). On the other hand, a dense line requires that pixels 
be drawn as close together as possible. 


The increment for the other axis (the axis that is not the major axis) is the span for that axis divided 
by the number of iterations (steps in the major axis). For lines drawn at 45 degrees, this is unity. 
For any other angle, the increment for the minor axis is a proper fraction. 


Figure 15-6 shows a line whose major axis is Y. The Y increment is unity (every pixel along the 
major axis is plotted). The X increment is some fraction whose value depends on the exact slope 
of the line. In this example, the actual value is somewhat less than two-fourths (a change of four 
pixels along the Y axis is accompanied by a change of somewhat less than two in the X axis). Pix- 
els are plotted that most nearly correspond to the theoretical line. 








OD DO 


Y INCREMENT = UNITY 





OD OD 


THEORETICAL LINE 
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Figure 15-6. Incremental Line-Drawing Algorithm 
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In addition to calculating the position of a pixel, DDAs are also used to calculate the color and 
depth of the pixel, as seen. See Section 15.2.17 on page 15-28 for information on drawing lines 
using the CL-GD5465. 


15.2.2 Flat (Unshaded) Polygon 


The CL-GD5465 can fill polygons that are random triangles of any orientation or quadrangles with 
at least one flat top or bottom. The CL-GD5465 fills polygons by evaluating two (sometimes more 
than two) incremental algorithms in parallel. Figure 15-7 illustrates a random triangle. It will be 
seen that quadrangles with a flat top or bottom constitute an extension. 


Set aside trivial triangles and collinear triangles (they are either points or lines). That is, consider 
only triangles with three unique vertices that are not all on a straight line. 


Any triangle, regardless of its orientation, can be reduced to two triangles with a common horizon- 
tal side. In particular, if the three vertices are sorted vertically, the common side is horizontally in 
line with the center (or opposite) vertex. The side of the triangle opposite this center vertex always 
spans the entire height of the triangle. This side is called the main slope. By definition, each side 
of any triangle, including the main slope, is a straight line. 


Once a random triangle has been reduced to two triangular areas that are each guaranteed to 
have a horizontal side, it can be filled in two stages. Refer to Figure 15-7. In the first stage, Area 
1 is filled, beginning at the Base vertex and working down, one scanline at a time, to the common 
horizontal side. In the second stage, Area 2 is filled, beginning at the common horizontal side and 
working down, one scanline at time, to the bottom vertex. 


<—___—— BASE VERTEX 






~<m———— MAIN SLOPE 


OPPOSITE 
VERTEX 


BOTTOM (END) 


COMMON <4 VERTEX 


HORIZONTAL SIDE 


Figure 15-7. Random Triangle 
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For each stage, two parallel DDAs are used. This is illustrated in Figure 15-8. One DDA finds the 
main slope and the other DDA finds the width. The major axis is always Y, regardless of the orien- 
tation of the main slope. This is an important difference from the DDA described in Section 15.2.1 
and requires that the X delta be able to be larger than unity. 


The Y-span of Area 1 is specified in Y COUNT_3D[26:16]. This is an unsigned integer. The base 
point is always at the lowest Y address in the triangle (the closest to the top of the screen). The X 
delta is specified in DX_MAIN_ 3D. This is a signed real number. Since the X delta is signed, the 
main slope can proceed either down and to the right or down and to the left. 


The second DDA finds the width of the triangle. The width delta is specified in DWIDTH1_ 3D. This 
is a signed real number. Since it is signed, the width can either increase or decrease (in practice, 
it nearly always increases in Area 1 of the triangle and decreases in Area 2). Figure 15-8 shows 
how DWIDTH1 depends on both the slope of the main slope and the opposite slope. More pre- 
cisely, the opposite slope is determined by DX_MAIN and DWIDTH1. 


The triangle is filled one scanline at a time. For each scanline, beginning at the base, the corre- 
sponding X point along the main slope is found. Then pixels are filled, along the scanline, to the 
current width. The DDAs are incremented, calculating the next X point along the main slope, and 
the next width. This continues for COUNT1 + 1 scanlines (specified in Y_COUNT_3D[26:16)), fill- 
ing in Area 1 of the random triangle. 


BASE VERTEX 






DX_MAIN 


Si ee 


MAIN SLOPE 





Figure 15-8. DDAs for Main Slope and Width 
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When the engine has filled in Area 1, it selects a new delta width constant from DWIDTH2_ 3D (the 
second delta width is nearly always negative) and continues for COUNT2 (Y_COUNT_3D[10:0]) 
scanlines, filling in Area 2. In Figure 15-9, the DWIDTH2 value is negative. The triangle becomes 
more narrow as Area 2 is filled, coming to a point at the very bottom. 


If the INITIAL_WIDTH instruction modifier bit (bit 24) is set, the engine loads the initial widths for 
the top of Area 1 and the top of Area 2. This could be used to draw a polygon with a flat top. If the 
bit is not set, the engine begins with a width of one at the top of Area 1 and uses the accumulated 
width at the top of Area 2. 





~<t BASE 


COUNT1 






~<«s————_ MAIN SLOPE 


COUNT2 








Figure 15-9. Completing the Triangle: Area 2 


Note that the main slope does not have an inflection point. DX_MAIN does not change when the 
new DWIDTH value is loaded. 


If the Count2 field is zero, only Area 1 is drawn, resulting in a triangle that is flat on the bottom. 
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15.2.3. Summary of Values Used for Flat Triangle 


Table 15-1 summarizes the values required for drawing a flat triangle. In the Range column, the 
notation ‘.X’ indicates a 16-bit fraction. The formal description of these registers is in Chapter 10, 
“38D Graphics Accelerator Registers”. 


Table 15-1. | Values Used for Flat Triangle 









































Value gtd oe Range Note 
Beginning X coordinate X_3D 0x4000 0 to 2047.X Bit 31 is X-direction 
Beginning Y coordinate Y_3D 0x4004 0 to 2047.X 
Red color value R-3D 0x4008 0 to 255.X 
Green color value G_3D 0x400C 0 to 255.X Skip if palettized 
Blue color value B 3D 0x4010 0 to 255.X Skip if palettized 
Main slope X increment DX_MAIN_3D 0x4014 -2048.X to 2047.X 
Y-count for Area 1 Y_COUNT_3D 0x4018 0 to 2047 Bits 26:16 
Y-count for Area 2 Y_COUNT_3D 0x4018 0 to 2047 Bits 10:0 
Width increment for Area 1 DWIDTH1_3D 0x4024 —2048.X to 2047.X 
Width increment for Area 2 DWIDTH2_3D 0x4028 —2048.X to 2047.X 














These are the values that the 3D engine requires to draw a flat triangle. To draw a triangle in 
Coprocessor mode, these registers would be loaded and the engine started. To draw a triangle in 
Display List mode, the instruction is followed in the display list by the register values. 


15.2.4 Scaled Numbers 


Most of the values listed in Table 15-1 are real numbers (they have an integer part and a fractional 
part). In each case where the value has a fractional part, it is scaled so that the radix point is 
between bit position 15 and bit position 16. Even though these are real numbers, the radix point 
is fixed and fixed point adders can be used. This is important both for gate count and speed con- 
siderations. 


27:23 16 15 0 





INTEGER PART FRACTIONAL PART 


fe ° 


SIGN EXTENSION 
OR CONTROLS 


Figure 15-10. Real Number Scaling 
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Several of these registers have flags or control bits. Sign bits must be written into all unused bits. 
The control bits in these registers are summarized in Table 15-2. 


Table 15-2. Control Bits 























Register Bit Position 
X_3D 31 X direction: Polygon drawn to left or right from main slope 
X_3D 30 Left edge disable: Do not draw left pixel in each scanline 
X_3D 29 Right edge disable: Do not draw right pixel in each scanline 
Y_3D 30 Top edge disable: Do not draw top pixel or scanline 
Y_3D 29 Bottom edge disable: Do not draw bottom pixel or scanline 








X_3D[31] controls whether the triangle is drawn to the left or the right of the main slope. This, in 
conjunction with the sign of the DX_MAIN_3D, determines the orientation of the triangle. All four 
cases in Figure 15-11 are used. The base point is at the top. The main slope extends the height 
of each triangle and is drawn as the heavy line in each case. 


DX NEGATIVE DX NEGATIVE DX POSITIVE DX POSITIVE 
DRAW RIGHT DRAW LEFT DRAW RIGHT DRAW LEFT 


7 VA 


Figure 15-11. DX Sign, Draw Left/Draw Right 


The four edge disables are used when triangles abut. If two adjacent triangles are drawn with 
blending, visible artifacts can result along their common edge if both write that common edge. By 
suppressing one of the two from writing the edge, these artifacts can be prevented. 


15.2.5 Gouraud Shading 


In addition to flat triangles, the CL-GD5465 can draw triangles with Gouraud shading. Gouraud 
shading uses linear interpolation, readily adaptable to a DDA. The application provides color val- 
ues at the vertices, which are converted to register values by the 3D driver supplied by Cirrus 
Logic. This process is called ‘triangle setup’. 


There are a total of nine values that are involved with shading, three values for each of the three 
colors red, green, and blue. Each color has its base value and Delta_Main and Delta_Ortho val- 
ues. Each base value is an unsigned number and each delta is a signed number. As usual, the 
radix point for each is between bit position 15 and bit position 16. 


May 1997 15-14 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 3D PROGRAMMER’S GUIDE 


The color for each pixel along the main slope is calculated by incrementing the base color by the 
Delta_Main for each Y increment. This is exactly analogous to the calculation of the X value along 
the main slope. Now, as the scanline is filled, the color for each pixel is calculated by incrementing 
the color at the main slope by the Delta_Ortho. Since each delta for each color is signed, each 
color can change smoothly in two dimensions. This is illustrated in Figure 15-12 for red. The other 
two colors are exactly the same, except different registers contain the constants. 


Gouraud shading is enabled by programming bit 12 of the drawing instruction (that is DRAW_LINE 
or DRAW_POLY) to ‘1’. If Gouraud shading is enabled for draw line, the result is a shaded or depth 
cued line. Gouraud shading does not make any sense for a point and bit 12 must be programmed 
to ‘0’in a draw point instruction. Gouraud shading can also be used with mapped color. If the color 
palette contains several color ranges, the shading can be arranged to fit within the ranges. In this 
case, the mapped color value is calculated using the Red parameters. 


Note that the Delta_Main and Delta_Ortho are not necessarily orthogonal to each other. 
Delta_Ortho always is along the X-axis, but Delta_Main is along the main slope, which may very 
well not be vertical. 


MAIN SLOPE ————__}>, 


DR_MAIN_3D 
~«<q______ (FOLLOWS MAIN SLOPE) 


DR_ORTHO_3D 


Figure 15-12. Gouraud Shading (Red) 


Table 15-3 summarizes the values that are used for Gouraud shading. The Delta_ Ortho values 
are not used for lines. 


Table 15-3. Values used for Gouraud Shading 




















Color Red Value Green Value Blue Value 
Base color R_3D: 0x4008 G_3D: 0x400C B_ 3D: 0x4010 
Delta_Main DR_MAIN_ 3D: 0x402C DG_MAIN_3D: 0x4030 DB_MAIN_ 3D: 0x4034 
Delta_Ortho DR_ORTHO_ 3D: 0x4038 DG_ORTHO_ 3D: 0x403C DB_ORTHO_ 3D: 0x4040 
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15.2.6 X-Y Clipping 


X-Y clipping is used to confine the polygon to an arbitrary rectangular region. X-Y clipping does 
not use any interpolators; the edges of the rectangle are fixed. Each of the four edges can be sep- 
arately enabled with a ‘1’ in the respective enable bit. Table 15-4 summarizes the clipping controls 
and values. If an edge is not enabled, the corresponding clipping value is ignored. The clipping 
values must make sense. Programming the MAX value of either dimension to less than the corre- 
sponding MIN value when both are enabled generates an error. 


Table 15-4. X-Y Clipping Controls 














Edge Register Enable ne 
XMax X_CLIP_3D: 0x4160 Bit 31 26:16 
XMin X_CLIP_3D: 0x4160 Bit 15 10:0 
YMax Y_CLIP_3D: 0x4164 Bit 31 26:16 
YMin Y_CLIP_3D: 0x4164 Bit 15 10:0 




















15.2.7 Z-Buffering 


Z-buffering is used to remove surfaces (or parts of surfaces) that lie behind objects that are already 
in the scene. The depth (usually defined as the distance from the viewer) of each pixel of an object 
is calculated as the object is rendered. The depth of the current pixel is compared to the depth of 
the corresponding pixel (in the frame buffer) of the objects previously rendered. This requires a 
buffer large enough to contain a depth value for every pixel, usually called the Z-buffer. Depending 
on the outcome of the comparison, the new pixel and depth can replace the previous pixel and 
depth. Typically the comparison is: ‘Is this pixel in the current object closer to the viewer than the 
same pixel already in the scene?’ Thus, objects (or parts of objects) closest to the viewer are dis- 
played on the screen. 


The calculation of the Z-value for a pixel is exactly analogous to the calculation of any of the three 
color values. The initial value is specified for the base point. This is incremented by DZ_MAIN for 
each iteration in Y as the main slope is traversed. Each value along the main slope is incremented 
in turn by the value DZ_ORTHO for each pixel in the scanline. Since the increments are both 
signed, the depth of the object can change smoothly in two dimensions as the object is rendered. 
If the entire object is at a constant depth, the delta values would be set to zero. Table 15-5 sum- 
marizes the values that are used for Z-depth. The Delta_Ortho value is not used for lines. 


Table 15-5. Values Used for Z-depth 











Value Register 
Base depth Z_3D: 0x4044 
Delta_Main DZ_MAIN_ 3D: 0x4048 
Delta_Ortho DZ_ORTHO_3D: 0x404C 
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The Z-depth function is enabled by programming bit 13 of the drawing instruction to ‘1’. Z-depth 
can be used for all the draw instructions. There are a number of fields that control the Z-depth func- 
tion, summarized in Table 15-6 and Table 15-7. 


Z-mode in CONTROLO_3D[30:28] controls whether a comparison is necessary and which buffers 
are updated when the compare is true. 


Table 15-6. Z Mode: CONTROLO_3D[30:28] 


Z- Z-Mode 
Mode Name 


Z-Buffer Pixel 


Update Update Description 


000 Z-normal 





Z-compare | Z-compare Update both Z-buffer and frame buffer if the compare is true 














001 Z-mask Never Z-compare Update only frame buffer if the compare is true 
010 Z-always | Always Always Update both Z-buffer and frame buffer without comparison 
011 Z-only Z-compare | Never Update Z-buffer if the compare is true 
100 Z-hit Never Never Set Z-collision flag and record Z-hit and Z-value 
101-111 = - 7 Reserved 























Z COMPARE_MODE in CONTROLO_3D[23:20] specifies the compare function (that is, the rela- 
tionship between the old value and new value that results in the comparison being true). 


Table 15-7. Z_Compare_Mode: CONTROLO_3D[23:20] 

















Z-Compare Mode Compare is True If: Note 
0000 New value = old value Greater than or equal to 
0001 New value > old value Strictly greater than 
0010 New value < old value Less than or equal to 
0011 New value < old value Strictly less than 
0100 New value != old value Not equal 
0101 New value == old value Equal 

0110-1111 Reserved - 




















Z COLLISION _DETECT_EN in CONTROLO_3D/[24] specifies whether a Z-collision sets the 
Z_ COLLISION Event Status bit (STATUSO_3D[0]). In this context, a collision is any true compare. 
A‘1’ enables the collision detection. 


Z-collision provides a method of determining whether an object is totally occluded and can be 
bypassed. The depth of each pixel in the object is computed and compared to the depth of the 
corresponding pixel in the frame buffer without changing either the frame buffer or Z-buffer. Since 
only the position and depth of each pixel is computed, this can be substantially faster than actually 
rendering the object (calculating color, lighting, and so on). Once the application knows if the 
object is at least partially visible, it can then go back and actually render it (or at least the part that 
is visible). 
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Another use for Z-collision is to detect that two objects are within the same ‘Z’ space. 


Z_STRIDE_CONTROL in CONTROLO_3D[16] specifies whether the Z-buffer is 8 or 16 bits per 
pixel. A ‘1’ selects eight bits. This allows the Z-buffer to be stored with the actual pixels in 24-bpp 
modes. Each pixel actually occupies 32 bits, one byte each of Red color, Green color, Blue color, 
and Depth. If the fourth byte is used for the Z-buffer, it cannot simultaneously be used for Alpha. 


For game programming, sometimes objects are rendered only once. Examples of such objects are 
the dashboard of the car in a racer simulation or the cockpit of an aircraft in a flight simulator. The 
8-bit Z-stride allows for 256 levels of overlay. Thus, if the game already controls the depth, the 
overlay field can increase rendering speed. 


Z_BUFFER_LOCATION in BASAEO_ADDR_3D[14] specifies whether the Z-buffer is in host pro- 
cessor memory (‘1’) or in the RDRAM (‘0’). 


15.2.8 Color Transparency 


Color transparency, another form of overlay, is also supported during triangle rendering. A color 
compare range for each of the three colors allows the background to project through. The control 
bits for color compare are summarized in Table 15-8. 


Table 15-8. Color Compare Controls (CONTROLO_ 3D: 0x4104) 

















Control CONTROLO_ 3D Function 
: 1: Mask inclusive to bounds 
Color_Compare_Mode ene 0: Mask exclusive to bounds 
Blue_Color_Compare_En Bit 9 1: Enable blue compare 
Green_Color_Compare_En Bit 8 1: Enable green compare 
Red_Color_Compare_En Bit 7 1: Enable red compare 














Table 15-9 summarizes the source of the comparison values. 


Table 15-9. Color Compare Bounds 











Minimum Maximum 
Color COLOR_MIN BOUNDS 3D: COLOR_MAX_BOUNDS 3D: 
0x4108 0x410C 
Red [23:16] [23:16] 
Green [15:8] [15:8] 
Blue [7:0] [7:0] 

















Depending on the color depth, the bits defining each color must be replicated to fill the 8-bit com- 
parison value. The following three tables show, for each pixel mode, how the color bits must be 
expanded to 8 bits. Each color value is replicated from left-to-right as many times as is necessary 
to fill the 8-bit compare value. 
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Table 15-10. Color Bit Expansion: Red 






































































































































Red Value 23 | 22 | 21 | 20 | 19 | 18 16 
24-bpp, a:8:8:8 23 22 21 20 19 18 16 
16-bpp, 5:6:5 15 14 13 12 11 15 14 13 
15-bpp, a:5:5:5 14 13 12 11 10 14 13 12 
8-bpp, 3:3:2 Zz 6 5 7 6 5 7 6 

Table 15-11. Color Bit Expansion: Green 
Green Value 15 14 | 13 12 11 10 9 8 
24-bpp, a:8:8:8 15 14 13 12 11 10 9 8 
16-bpp, 5:6:5 10 9 8 7 6 5 10 9 
15-bpp, a:5:5:5 9 8 7 6 5 9 8 7 
8-bpp, 3:3:2 4 3 2 4 3 2 4 3 
Table 15-12. Color Bit Expansion: Blue 

Blue Value 7 6 5 4 3 2 1 0 
24-bpp, a:8:8:8 7 6 5 4 3 2 1 0 
16-bpp, 5:6:5 4 3 2 1 0 4 3 2 
15-bpp, a:5:5:5 4 3 2 1 0 4 3 2 
8-bpp, 3:3:2 1 0 1 0 1 0 1 0 
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15.2.9 Lighting 


The lighting stage allows each of the three colors to be multiplied by a common value. This function 
is enabled by programming the Instruction Modifier bit 18 to ‘1’. The source for the lighting multi- 
plier is selected with Light_Src_Sel bit (CONTROLO_3D[26:25]), as summarized in Table 15-13. 


Table 15-13. Lighting Multiplier Source 











Light_Src_Sel Source Used For: 
00 Polygon engine RGB source from interpolators in 3D engine 
01 LM interpolator Interpolated lighting 
10 COLOR_REG1_3D _ | Fixed color lighting 
11 LIGHT_SRC_TEX Selects texture data 




















15.2.10 Specular Lighting 


When bit 14 of the drawing is ‘1’, specular lighting is enabled. Two dimensional interpolation is 
done with the nine values shown in Table 15-14. 


Table 15-14. Values used for Specular Lighting 


Color Red Green Blue 





Base color R_SPEC_3D: 0x40D0 G_SPEC_ 3D: 0x40D4 B_SPEC_3D: 0x40d8 


Delta-Main DR_SPEC_MAIN_3D:0x40DC | DG_SPEC_MAIN_3D:0x40E0 | DB_SPEC_MAIN_3D: 0x40E4 





DR_SPEC_ORTHO_3D: DG_SPEC_ORTHO_3D: DB_SPEC_ORTHO_3D: 


Delta_Ortho 0x40E8 Ox40EC 0x40F0 




















15.2.11 Saturation 


When the CL-GD5465 is configured for 8-bpp CLUT mode, color saturation can be enabled by 
programming CONTROLO_3Dj[6] to ‘1’. When this bit is set, the color value (index into the CLUT) 
from this stage is forced to be within the values programmed in the registers summarized in 
Table 15-15. 


Table 15-15. Color Saturation Values 


Minimum bounds COLOR_MINBOUNDS_ 3D: 0x4108 31:24 














Maximum bounds COLOR_MAX_BOUNDS_ 3D: 0x410C 31:24 








This saturation value is used when the color palette has a series of color ramps for shaded objects. 
It clamps the index to prevent it from drifting into the color space of other objects. This mode does 
not require extra overlay fields, as in the 24-bpp modes, but does require some color resolution 
trade-off for overlay capability. 
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15.2.12 Alpha Blending 


Alpha blending provides a means of combining the data already in the frame buffer with the object 
being rendered. Alpha is the blending coefficient. It determines the ratio of source to destination 
of the value actually written. Alpha blending is enabled by programming CONTROLO_3D[15] to 
‘1’. The Alpha_Mode field (CONTROLO_3D[12:11]) controls the inputs into the alpha blending 
stage as summarized in Table 15-16. 


Table 15-16. Alpha_Mode Field (CONTROLO_ 3D [12:11]) 














Source Destination 
CONTROLO_3D[12:11] Alpha Alpha 
00 DA_MAIN_3D DA_ORTHO_3D Fixed-alpha blending 
01 Texture 256 minus texture ALPHA_BLEND_TEXTURE 
: 256 minus LA Interpolated-alpha 

"0 mesintetaalalor interpolator blending 

Alpha byte from frame : Frame buffer alpha 
11 huifer 256 minus Alpha byte blending 

















Interpolated-alpha blending can be used when the transparency of the object being rendered is 
not a constant. The LA interpolator is exactly analogous to the Gouraud shading interpolators and 
can be used for either Lighting or Alpha (but not both at the same time). There is an unsigned base 
value and two signed deltas. These values are summarized in Table 15-17. When 
interpolated-alpha blending is being used, these are real numbers. As usual, the radix point is 
between bit position 15 and bit position 16. The two deltas are signed numbers, allowing the inter- 
polated alpha value to vary smoothly in two dimensions as the object is rendered. 


When the alpha value is interpolated, the source alpha is the interpolated value and the destina- 
tion alpha is 256 minus the interpolated value. 


Table 15-17. LA Interpolator Values 


Value Register 


Base alpha A_3D: 0x40C0 





Delta_Main DA_MAIN_3D: 0x40C4 





Delta_Ortho | DA_ORTHO_3D:0x40C8 














Fixed-alpha blending can be used when the transparency of the object being rendered is constant. 
The contributions of the source and destination pixels are specified separately. These values are 
summarized in Table 15-18. The constants are interpreted as the numerator of a fractional multi- 
plier whose denominator is fixed at 256. There is a radix point between bit position 15 and bit posi- 
tion 16. A constant of 0x00 means that the corresponding source or destination contributes 
nothing to the output color. A constant of 0x100 (decimal 256) means the corresponding source 
or destination contributes unity to the output value. Constants in between 0x00 and 0x100 result 
in corresponding amounts contributed to the output value. 


NOTE:  Theconstants do not have to add up to unity. 
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Table 15-18. Fixed-Alpha Constants 











Multiplier Register 
Source pixel DA_MAIN_ 3D: 0x40C4 
Destination pixel DA_ORTHO_ 3D: 0x40C8 











The Alpha_Dest_Color_Select field (CONTROLO_3D[14:13]) specifies the source of the destina- 
tion pixel that is mixed with the object being rendered. This is summarized in Table 15-19. 


Table 15-19. Alpha_Dest_Color_Select: CONTROLO_3D[14:13] 











CONTROLO_3D[14:13] Alpha Dest Source Note 
00 Existing frame buffer data Fetch_Color (Instruction [23]) set 
01 COLOR_REGO_3D - 
10 Polygon engine interpolators | With shading and patterning 
11 Alpha interpolator i 




















15.2.13 Lighting 


The CL-GD5465 color path supports lighting, blending, and fog within a single-render operation. 
The data rate, after the pipeline is filled, is 12 ns/texel or 80 MHz. This allows one pixel out for every 
clock cycle. Now, the real throughput is determined by how well the source data (that is, alpha 
source, texture source, and Z-buffer source) are supplied to the input side of the equation. 


A simple guideline can be used to estimate the rasterization rate for 16-bpp data sources. Divide 
the number of sources by the master clock rate. Some examples are given in Table 15-20. 


Table 15-20. Estimating Rasterization Rate 








Example Sources | Rate at 80 MHz Note 

2D texture mapped polygon 2 40 MHz Master clock rate + 2 
3D texture polygon 4 20 MHz Master clock rate + 4 
3D texture with alpha blending 6 13.3 MHz Master clock rate + 6 























This is only a guideline and many variables can apply. For example, the internal texture cache 
eliminates some of the texture source fetches. In fact, if the texture fits entirely in the cache, then 
the texture adder is entirely eliminated. In all cases, the data-path pipeline always runs through 
the master equation at the full 80-MHz clock rate (that is, if all source data is present, then per- 
spective, 3D-lighted textures output at the full 80-MHz clock). 
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15.2.14 Data Path Equation 
Equation 15-1 is the CL-GD5465 master data path equation. 


[{Cs(T) + Ct(1 —T)} eA] e Lm+ Cc(255 — A) Equation 15-1 


where: 

Cs is the RGB components of the source color. These are the Gouraud values from the CL-GD5465 RGB color inter- 
polators. 

T is the Transparency Enable bit, valid only in 1:8:8:8 and 1:5:5:5 Texture modes. This bit can be considered the 
Alpha Texture Enable bit. 

Ct is the RGB components of the texture map when in any of the 4- or 8-bit Texture Index modes or Direct Color 
modes 3:3:2, 5:6:5, 1:5:5:5, 8:8:8, or 1:8:8:8. Ct is indexed texture when in 8-bit Color Lookup mode. It shares the 
same color palette index (the color value) with the normal color lookup. 

A is the Alpha blending term and has three sources, as shown in Table 15-16 on page 15-21. 

Lm is the modulator for lighting and has three sources, as shown in Table 15-13 on page 15-20. 

Cc is typically the RGB destination read values, but can also take on two other forms. For DECAL texture, Cc can 
be the RGB Gouraud interpolation values. For fog or depth cueing, Cc can be a fixed value from 
COLOR_REG1_3D. 


Equation 15-2 allows for full lighting and blending operations in a single pass, supporting fog, tex- 
ture, and alpha blend. 


An additional interpolation unit is used to satisfy fog rendering. For fog, an independent color ramp 
blended with the source fragment is required. The Cc(255 — A) term in the equation becomes the 
fog adder, where A is from the separate alpha interpolator. This allows fog-on-decal textured 
objects when in 1:8:8:8 and 1:5:5:5 display modes. The Lm term allows for lighting during the 
same render operation. It is important to remember that this can be scaled down by entering 
zeroes for the 7 and Lm fields. Here the term {Cs(T) + Ct(1 — T)} can be consolidated as Cf, or the 
result fragment. Thus the fog equation can be rewritten without lighting: 


Cf eA + Cc(255 — A) Equation 15-2 
and with lighting: 
(Cf eA) e¢ Lm+ Cc(255 — A) Equation 15-3 


Note that during Decal Texture mode, lighting the fog requires an extra rendering step. Alternately, 
for Non-Decal Texture mode, the Cc term can be sourced as an independent light source for the 
fog component. 


Depending on the speed, quality, and function requirements, the CL-GD5465 can Decal texture in 
multiple ways. The simplest and most common method is to use 1:8:8:8 or 1:5:5:5 texture modes. 
This gives a single-pass rendering of transparent Gouraud shading seen through textured objects. 
In this case, the MSB of the texture map selects between shaded and textured operations. This 
selection is done ‘on-the-fly’ as the texture map information is read in the device. During the same 
operation, the result can also be lit with white by the addition of the Lm term. In addition, blending 
of previously-rendered backgrounds seen through the Decal can be added during this single-pass 
operation. 
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The following equations show three cases for 1:8:8:8 and 1:5:5:5 modes. The MSB in the texture 
map is used to select between texture and shaded sources (7 in the equations). 


Equation 15-4 is used to define trivial, no lights, and no blending: T is either ‘0’ or ‘1’: 
{Cs(T) + Ct(1 -—T)} Equation 15-4 


Equation 15-5 is used to define Decal texture with lighting and no blending: Lm is from alpha inter- 
polator. A = OxFF. 


{Cs(T)+Ct1-T)}¢Lm Equation 15-5 


Equation 15-6 is used to define Decal texture with lighting and blending. Cdest is read from the 
frame buffer; A is either fixed alpha or frame buffer alpha (the blend factor). 


[{Cs(T) ¢ Cr(1-T)}¢ A] © Lm + Cdest(255 — A) Equation 15-6 


15.2.15 Texture and Perspective Texture Mapping 


Texture mapping is the process of reading a 2D map or image and stretching (‘mapping’) that 
image onto a 3D surface. Conventional techniques use many small triangles to give more detail 
to the final image. With the process of texture mapping, large triangles can be used and the appli- 
cation of a detail map can be used to give a satisfactory appearance. 


The CL-GD5465 uses first- and second-order differentiation to approximate the divide operation 
required by perspective mapping. Thus, as triangles that have texture applied are drawn into the 
distance, a perspective operation is applied to approximate the curve. Linear (or affine) texture 
does not require a perspective divide. Because of this, objects that traverse into the distance do 
not look right. Algorithms that subdivide large polygons can be applied to correct the accumulated 
perspective error. 


The texture engine uses inverse mapping techniques and runs in parallel with the polygon engine. 
The CL-GD5465 architecture allows for full, random triangle mapping with perspective correction. 
The driver receives U, V, W, and texture map base-address information, and converts them into 
values suitable for the registers. The texture map information can be stored in RDRAM, host sys- 
tem memory, or both and is read into an internal texture cache. 


Texture mapping is illustrated in Figure 15-13. The location of the pixels are being calculated using 
the values and interpolators described in Section 15.2.2. In parallel, the U and V pointers into the 
texture map are being calculated with separate interpolators. Then the data from the texture map, 
addressed by U and \V, is written into the object being rendered, addressed by X and Y. The normal 
shading calculations can be executed in parallel with this write to provide a color to be used 
instead of the color from the texture map. 
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MAP (U,V) 
TEATEREIMAY OBJECT BEING RENDERED 


Figure 15-13. Texture Mapping Overview 


In some cases, calculating pointers into the texture map using linear interpolation does not yield 
sufficiently convincing results. Consider the example illustrated in Figure 15-14. 
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Figure 15-14. Perspective Texture Mapping Example 
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The actual distance (along the road) between the signs is a constant, as is the size of the signs. 
But the signs appear closer together as they go further into the distance (as well as appearing 
smaller). This is a curve that requires a divide to calculate exactly. The CL-GD5465 uses second- 
order terms to approximate this curve. 


The texture formats are summarized in Table 15-21. The format is specified in 
TX_CTLO_3D[10:8]. 


Table 15-21. 


Texture Formats 






























TLUT 16 maps, each map of 16 colors from a palette of 16 million 
8-bpp 1 map of 256 colors from a palette of 16 million 
8-bpp Hardware dither 
16-bpp Hardware dither 
16-bpp Bit 15 can be used as mask or as source select in Decal mode 
32-bpp Bit 31 can be used as mask or as source select in Decal mode 
32-bpp 8-bpp Z-buffer 














In 8-bpp LUT mode, the TLUT can be subdivided into multiple maps with the texture index offset 
address pointing into the TLUT. 


The source of the constants used to calculate V and U (the values used to select an entry in the 
texture map) are summarized in Table 15-22. The first six (V_3D, DV_MAIN, DV_ORTHO, U_ 3D, 
DU_MAIN, and DU_ORTHO) are evaluated using ‘standard’ interpolation, exactly the same as 
Gouraud shading. The second-order values are used for perspective texture mapping. 


Table 15-22. Texture Mapping: V and U Constants 








Delta_Ortho 


DV_ORTHO_3D: 0x4060 


DU_ORTHO_3D: 0x4064 


Constant Vv U Note 
Base point V_3D: 0x4050 U_3D: 0x4054 
Delta_Main DV_MAIN_3D: 0x4058 DU_MAIN_3D: 0x405C sandal 


interpolation 





Second-order Main 


D2V_MAIN_3D: 0x4068 


D2U_MAIN_3D: 0x406C 





Second-order Ortho 


D2V_ORTHO_3D: 0x4070 


D2U_ORTHO_3D: 0x4074 








Ortho add 


DV_ORTHO_ADD_3D: 0x4078 





DU_ORTHO_ADD_3D: 0x407C 





Perspective only 
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15.2.16 Quadrangles 


The CL-GD5465 can draw quadrangles that have a flat top or bottom (or both). Table 15-23 sum- 
marizes two registers that can be used to set the initial width (at the top of) Area 1 and Area 2. 
These are both unsigned numbers in the range 0 to 2047.X. As usual, there is a radix point 
between bit position 15 and bit position 16. 


Table 15-23. Initial Width Value 


ae] aie 


WIDTH1_ 3D: 0x401C 
WIDTH2_ 3d: 0x4020 


A quadrangle that is flat on the top is shown in Figure 15-15. As always, one side has to span the 
entire height of the polygon. The base point is at the top of the main slope. Since the initial width 
is non-zero, the top of the polygon is not a point, but rather a flat line. The initial widths are enabled 
by programming bit 24 of the Draw instruction to ‘1’. WIDTH1 and WIDTH2 are enabled together. 
If one is required, the other must be specified even though it may not otherwise be required. 








— BASE POINT 











WIDTH1 
~<a MAIN SLOPE 





OPPOSITE POINT ——> WIDTH2 ©. >" 


Figure 15-15. Quadrangle with Flat Top 


A quadrangle that is flat on the bottom is shown in Figure 15-16. This can be drawn by the simple 
expedient of setting Delta_Width2 (DWIDTH2) so that the object does not come to a point at the 
bottom. This makes it possible to draw quadrangles that are flat both on the top and bottom. 


—<————__ BASE POINT 


~<—____ MAIN SLOPE 





Figure 15-16. Quadrangle with Flat Bottom 


Copyright 1997 — Cirrus Logic Inc. 15-27 May 1997 


3D PROGRAMMER’S GUIDE CL-GD5465 Technical Reference Manual 


15.2.17 Lines and Points 


Lines and points can be considered small polygons. Different instructions are used to draw them 
and different (fewer) registers are used. Table 15-24 summarizes the registers required for each 
object. ‘Skip if’ means the object requires the register unless one or more of the skip cases is pro- 
grammed. 


The CL-GD5465 can draw lines with Gouraud shading, Z-buffering, and alpha blending. Basically, 
a line is just the main slope of a polygon. The Delta_Orthos are not used, but everything that 
applies to the main slope of a polygon applies to a line, including texturing. 


When lines are drawn with a slope of less than 45 degrees, they are X-major rather than Y-major. 
See Section 15.4.3.5. 


Table 15-24. Register Summary 






























































— Register Polygon Line Point Skip Case(s) 
0x4000 X_3D Always Always Always | — 

0x4004 Y_3D Always Always Always | — 

0x4008 R_3D Always Always Always | — 

0x400C G_3D Skip if Skip if Skip if Mapped color 
0x4010 B_3D Skip if Skip if Skip if Mapped color 
0x4014 DX_MAIN_3D Always Always Never = 

0x4018 Y_COUNT_ 3D Always Always Never - 

0x401C WIDTH1_3D Skip if Always Never Initial width off 
0x4020 WIDTH2_3D Skip if Never Never Initial width off 
0x4024 DWIDTH1_3D Always Never Never = 

0x4028 DWIDTH2_3D Always Never Never = 

0x402C DR_MAIN_3D Skip if Skip if Never Gouraud off 
0x4030 | DG_MAIN_3D Skipit | Skipit | Never | GaPPed color, 
0x4034 | DB_MAIN_3D Skipit | Skipit | Never | Gapped coor 
0x4038 DR_ORTHO_3D Skip if Never Never Gouraud off 
0x340C DG_ORTHO_ 3D Skip if Never Never Gouraud off 
0x4040 DB_ORTHO_3D Skip if Never Never Gouraud off 
0x4044 Z_3D Skip if Skip if Skip if | Z off 

0x4048 DZ_MAIN_3D Skip if Skip if Never | Z off 

0x404C DZ ORTHO _3D Skip if Never Never Z off 
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Table 15-24. Register Summary (cont.) 










































































Address : ; : 2 
Offset Register Polygon Line Point Skip Case(s) 
0x4050 V_3D Skip if Skip if Skip if Texture off 
0x4054 U_3D Skip if Skip if Skip if Texture off 
0x4058 DV_MAIN_3D Skip if Skip if Never Texture off 
0x405C DU_MAIN_3D Skip if Skip if Never Texture off 
0x4060 DV_ORTHO_3D Skip if Never Never Texture off 
0x4064 DU_ORTHO_3D Skip if Never Never Texture off 
4,3 aos Texture off, 
0x4068 D2V_MAIN_3D Skip if Skip if Never perspective off 
a! or Texture off, 
0x406C D2U_MAIN_3D Skip if Skip if Never perspective off 
wn Texture off, 
0x4070 D2V_ORTHO_3D Skip if Never Never perspective off 
fs Texture off, 
0x4074 D2U_ORTHO_3D Skip if Never Never perspective off 
es Texture off, 
0x4078 DV_ORTHO_ADD_3D Skip if Never Never perspective off 
ae Texture off, 
0x407C DU_ORTHO_ADD_3D Skip if Never Never perspective off 
0x40C0 A_3D Skip if Skip if Never Alpha load off 
0x40C4 DA_MAIN_ 3D Skip if Skip if Never Alpha load off 
0x40C8 DA_ORTHO_3D Skip if Never Never Alpha load off 
0x40D0 R_SPEC_3D Skip if Skip Skip if Specular off 
0x40D4 G_SPEC_3D Skip if Skip Skip if Specular off 
0x40D8 B SPEC 3D Skip if Skip Skip if Specular off 
0x40DC R_SPEC_MAIN_ 3D Skip if Skip Skip if Specular off 
0x40E0 G_SPEC_MAIN_ 3D Skip if Skip Skip if Specular off 
0x40E4 B_SPEC_MAIN_3D Skip if Skip Skip if Specular off 
Ox40E8 R_SPEC_ORTHO_3D Skip if Skip Skip if Specular off 
0x40EC G_SPEC_ORTHO_3D Skip if Skip Skip if Specular off 
Ox40F0 B_SPEC_ORTHO_3D Skip if Skip Skip if Specular off 
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15.3. 3D Memory Organization 


CL-GD5465 Technical Reference Manual 


The CL-GD5465 has several models for 3D memory. The basic views of memory are listed below: 


1) The view of frame buffer memory from the system processor (across the PCI bus). 


2) The view of the register set from the system processor (across the PCI bus). 


3) The view of the following system memory objects from the CL-GD5465: 


a) Display list memory 


b) Z-buffer and color map buffers when in system memory 


c) Texture memory when in system memory 


4) The READ _DEV_REGS_3D — multiple command's view of the system memory location where to write 


data. 


15.3.1 System Memory Space View of Frame Buffer Memory 


The CL-GD5465 register set is visible in system memory at the location selected by the PCI con- 
figuration register for the Memory-Mapped registers (PCI10). Registers can be written directly by 
adding their offsets to the initial CL-GD5465 Memory-Mapped register address. Alternatively, one 
or more registers can be written in a stream by the WRITE_3D_REGISTER, or the 
WRITE_DEVICE_REGS (CL-GD5462 registers) commands. This last operation can either be 
done by a display list or by directly programming its data to the HOST_3D_DATA offset from the 
base PCI Address register for the Memory-Mapped registers. 


15.3.2 System Processor (Across PCI Bus) View of the Register Set 
The CL-GD5465 Memory-Mapped 3D registers are listed in Table 15-25. 


Table 15-25. CL-GD5465 Memory-Mapped 3D Registers 









































Byte Lane 
Offset 2 
4000h X_3D 
4004h Y_3D 
4008h R_3D 
400Ch G_3D 
4010h B 3D 
4014h DX_MAIN_3D 
4018h Y_COUNT_3D 
401Ch WIDTH1_ 3D 
4020h WIDTH2_3D 
4024h DWIDTH1_3D 
4028h DWIDTH2_3D 
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Table 15-25. CL-GD5465 Memory-Mapped 3D Registers (cont.) 


Byte Lane 





Offset 3 2 1 0 


402Ch DR_MAIN_3D 





4030h DG_MAIN_3D 





4034h DB_MAIN_3D 





4038h DR_ORTHO_3D 
403Ch DG_ORTHO_3D 





4040h DB_ORTHO_3D 





4044h Z_3D 





4048h DZ_MAIN_3D 





404Ch DZ_ORTHO_3D 





4050h V_3D 
4054h U_3D 





4058h DV_MAIN_3D 





405Ch DU_MAIN_3D 





4060h DV_ORTHO_3D 





4064h DU_ORTHO_3D 





4068h D2V_MAIN_3D 
406Ch D2U_MAIN_3D 





4070h D2V_ORTHO_3D 





4074h D2U_ORTHO_3D 





4078h DV_ORTHO_ADD_3D 





407Ch DU_ORTHO_ADD_3D 





4080h:40BCh 


























40C0h A_3D 

40C4h DA_MAIN_3D 
40C8h DA_ORTHO_3D 
40CCh 

40D0h R_SPEC_3D 
40D4h G_SPEC_3D 
40D8h B_SPEC_3D 
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Table 15-25. CL-GD5465 Memory-Mapped 3D Registers (cont.) 






















































































Byte Lane 
Offset 3 2 1 0 
40DCh R_SPEC_MAIN_3D 
40E0h G_SPEC_MAIN_3D 
40E4h B_SPEC_MAIN_3D 
40E8h R_SPEC_ORTHO_3D 
40ECh G_SPEC_ORTHO_3D 
40F0h B_SPEC_ORTHO_3D 
40F4h:40FBh 
40FCh OPCODE_3D 
4100h CONTROL_MASK_3D 
4104h CONTROLO_3D 
4108h COLOR_MIN_BOUNDS_3D 
410Ch COLOR_MAX_BOUNDS_ 3D 
4110h CONTROL1_3D 
4114h BASE0O_ADDR_3D 
4118h BASE1_ADDR_3D 
411Ch Reserved 
4120h TX<CTLO-SD 
4124h TX_XYBASE_3D 
4128h TX_CTL1_3D 
412Ch TOCTI2 3p 
4130h COLOR_REGO_3D 
4134h COLOR_REG1_3D 
4138h Z COLLIDE_3D 
413Ch STATUSO_3D 
4140h PATTERN_RAM_0_3D 
4144h PATTERN_RAM_1_3D 
4148h PATTERN_RAM_2 3D 
414Ch PATTERN_RAM_3_ 3D 
4150h PATTERN_RAM_4 3D 
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Table 15-25. CL-GD5465 Memory-Mapped 3D Registers (cont.) 
Byte Lane 
Offset 3 2 1 0 

4154h PATTERN_RAM_5_3D 
4158h PATTERN_RAM_6_3D 
415Ch PATTERN_RAM_7_3D 
4160h X_CLIP_3D 

4164h Y_CLIP_3D 

4168h TEX_SRAM_CTRL_3D 





416Ch:41FCh 





























4200h HXY_BASE0O_ADDRESS_PTR_3D 
4204h HXY_BASE0_START_3D 

4208h HXY_BASE0O_EXTENT_3D 

420Ch Reserved 

4210h HXY_BASE1_ADDRESS_PTR_3D 
4214h HXY_BASE1_OFFSET0O_3D 
4218h HXY_BASE1_OFFSET1_3D 
421Ch HXY_BASE1_LENGTH_3D 
4220h:43Ch 

4240h HXY_HOST_CTRL_3D 





4244h:425Ch 














4260h MAILBOX0_3D 
4264h MAILBOX1_3D 
4268h MAILBOX2_3D 
426Ch MAILBOX3_3D 





4270h:43FCh 














4400h PF_BASE_ADDR_3D 
4404h PF_CTL_3D 

4408h PF_DEST ADDR_3D 
440Ch PF_FB SEG 3D 





4410h:441Ch 








4420h 
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Table 15-25. CL-GD5465 Memory-Mapped 3D Registers (cont.) 














Byte Lane 
Offset 2 
4424h PF_STATUS 3D 
4428h:443Ch | 
4440h HOST_MASTER_CTL_3D 
4444h:447Ch 
4480h PF_INST_3D 








4484h:47FCh | 





4800h:4BFCh HOST_3D_DATA_PORT 


4C00h:4FFCh HOST_TEXTURE_DATA_PORT 


15.3.2.1. Memory-Mapped I/O 











Most registers in the CL-GD5465 are accessed using MMIO. There is a 32-Kbyte extent, compris- 
ing four 4-Kbyte apertures. The programmer should program the base address into PC110: MMIO 
Base Address register. 


Registers that are accessible using MMIO are described in the beginning of every register chapter. 
The MMIO offset for each register is given in the register description, and in the summary table at 
the beginning of each respective chapter. 


The 2D Graphics Accelerator register set resides at the beginning of the 32-Kbyte extent of mem- 
ory. This aperture is 16-Kbytes in length to provide for four different bi-endian data swapping 
modes. The 3D register set begins at the next 16-Kbytes above the 2D register set (for a total of 
32 Kbytes) and is organized as shown in Table 15-26. 


Table 15-26. CL-GD5465 Register Apertures 























MMIO Offset Contents Format 
3D Register Set 
7000h CL-GD5465 4-Kbyte register aperture Reserved 
| 6000) —=*|- CL-GD5465 4-Kbyte register aperture | Bytes swappedwithindword | 
5000h CL-GD5465 4-Kbyte register aperture Bytes swapped within words 
4000h CL-GD5465 4-Kbyte register aperture No swapping (default) 
2D Register Set 
3000h CL-GD5462 4-Kbyte aperture Reserved 
2000h CL-GD5462 4-Kbyte aperture Bytes swapped within dword 
| 1000  =—=«| CL-GD54624-Kbyte aperture -—=S'|-Bytesswappedwithinwords = (asti(iti‘s~sS 
0000h CL-GD5462 4-Kbyte aperture No swapping 
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NOTE: — Inthis manual, the address of the register in the first (none swapping) aperture is used generically 
to represent register locations. 


15.3.2.2 1/O-Mapped Registers 
There are registers accessible using normal I/O. 


These are the VGA Core registers and Extended |/O registers, described in Chapter 3 and 
Chapter 4, respectively. The I/O-Mapped registers have fixed addresses that are nearly all stan- 
dard VGA. 


A few registers are accessible both in MMIO and normal I/O space. Most of these are in the CRTC 
with addresses in listed in the summary tables at the beginning of each chapter. 


15.3.3 CL-GD5465 System Memory Objects 


There are three memory objects that can be in system memory (logically four, since the Z and 
color buffers are combined): Z-buffer, color buffer, texture buffer, and display list buffer. The display 
list buffer can only be in system memory. 


Each of these objects must be in locked memory for the CL-GD5465 PCI bus master to reliably 
locate them. They can either be located with a fixed, contiguous physical memory region of up to 
4 Mbytes, or in a non-contiguous virtual memory space of up to 4 Mbytes. In the latter case, the 
CL-GD5465 provides the translation from virtual-to-physical addresses through a software-cre- 
ated translation table in locked physical memory. Controls within CL-GD5465 distinguish between 
these two cases, as well as controlling whether the objects are in system memory or in frame 
buffer memory. 


15.3.3.1. Virtual Memory Translation 


The 3D engine’s XY-to-linear conversion generates a 22-bit byte address, A, corresponding to the 
XY address. Some memory objects, such as the Z, texture, and color buffers, have offsets that are 
added to X and Y prior to this conversion. The resulting address A is illustrated in Table 15-27. 


Table 15-27. Linear Address A 


31 22 | 21 12) 11 0 





Field Name AO Al A2 





Bits 31:22 of virtual address Bits 21:12 of virtual 


(these bits are ignored) address Bits 11:0 of virtual address 
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Linear address A is treated in one of two ways. For virtual memory translation (bit 0 of the appro- 
priate base address register for that object is ‘1’), bits 31:12 of the appropriate base address reg- 
ister B point to a physical memory location for the 4-Kbyte virtual translation table for that system 
memory object. Base address B for the system memory object is illustrated in Table 15-28. 


Table 15-28. Base Address B 
31 12/11 1 0 





Field Name Bo B1 B2 





Bits 31:12 of system memory | Reserved in virtual mode. 0 = Physical 
base address (points to the | Write Os 1 = Virtual 
virtual address translation table 
for this object — on 4-Kbyte 
boundary). 

















Field A1 (bits 21:12) of the linear address A index one of 1024 dword entries in the virtual memory 
translation table. The 4-Kbyte translation table in locked physical system memory contains 1024, 
32-bit translation entries (this yields a 4-Mbyte maximum size for each system memory object). 
Translation table entries C have the format illustrated Table 15-29. 


Table 15-29. Translation Table Entry C 








31 12)11 1 0 
Field Name Co C1 C2 
Bits 31:12 of physical address |0...0 1 = page present 

1 = page not present 




















Each 32-bit translation table entry defines the upper 20 bits of the final physical address 
corresponding to the original virtual address. The translations for four entries in the table (a set for 
each object) are cached in the CL-GD5465 to reduce translation table fetches. The final physical 
address D corresponding to the original XY address is illustrated in Table 15-30. 


Table 15-30. Final Physical Address D 
31 12/11 2 /1 0 





Field Name DO D1 D2 











Bits 31:12 of C (field CO) Bits 11:2 of A (field A2) 00 








Field D1 (bits 11:2) of the virtual address A are concatenated to the upper 20 bits just looked up 
in the table to form the physical address used by the CL-GD5465 to fetch the indicated data. 


15.3.3.2 3D Display List Memory 


The display list memory object behaves exactly as previously described. It uses the 
INSTRUCTION _PTR_3D register as the Base Address register. 
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15.3.3.3. Physical Memory Addressing 


The XY-to-linear conversion of the 3D engine generates a 22-bit byte address, A, corresponding 
to the XY address. Some memory objects such as the Z-buffer and the texture and color buffers 
have offsets that are added to X and Y prior to this conversion. The virtual memory address A 
resulting from the XY-to-linear conversion (23-bit byte address) is illustrated in Table 15-31.) 


Table 15-31. Linear Address A 


31 22/21 12 #/11 0 





Field Name AO Al A2 





Bits 31:22 of virtual address | Bits 21:12 of virtual address Bits 11:0 of virtual address 
(these bits are ignored) 




















For physical memory translation (BASE_ADDRESS_XX[0] for that object is ‘0’), field A1 of the 
resulting virtual memory address A is added to field BO (bits 31:12) of the BASE_ADDRESS_XX 
register B. This scheme assumes that up to a 4-Mbyte physically-contiguous locked down region 
is being used in system memory for that object. Base Address B for the system memory object is 
illustrated in Table 15-32. 


Table 15-32. Base Address B 
31 12/11 2/1 0 





Field Name BO B1 B2 





Bits 31:12 of system memory | Base address physical range 0 = Physical 
base address (points to the] (see BASE_ADDR_XX) 1 = Virtual 

starting physical address for this 
object — on 4-Kbyte boundary). 














The result, CO, is concatenated to field A2 of the original virtual memory address to form the final 
physical address. The final physical address, corresponding to the original XY address, is illus- 
trated in Table 15-33. 


Table 15-33. Final Physical Address C 
31 12/11 2\1 0 





Field Name Co C1 C2 








Sum of fields AO and BO Copied from field A2 00 











15.3.3.4 Z-Buffer and Color Map Buffers Mixed in System Memory 


The Z-buffer and the color buffers are co-resident in a single map. They are XY objects that derive 
pitch from the HostXY register. The base address register for these objects is 
HXY_BASEO ADDRESS_PTR_3D (offset 4200h). The pitch of XY objects in this region is con- 
trolled through Host YPitch (HXY_HOST_CRTL_3D[13:8]). The X and Y offsets into the color and 
Z-buffer map are controlled in BASEO_ADDR_3D (4114h) and BASE1_ADDR_3D (4118h), 
respectively. 
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15.3.3.5 Texture Memory Format in System Memory 


Texture maps are stored in HXY_BASE1_ADDRESS_PTR_3D (offset 4210h). The CL-GD5465 
has two formats for host-based textures: XY and tiled linear. 


The tiled linear format treats the texture primarily as a linear object. However, within the linear stor- 
age, the texture is represented by a series of XY subsections of the larger texture, called texture 
tiles. For example, as shown in Figure 15-17, a 128 x 128 texture is stored first at section AO then 
section A1, and so on, followed by section BO then section B1, and so on, to the end of the texture. 


128 





Ao | Al | eee 





Bo B1 eee 








128 
e e 
e e 
e e 








Figure 15-17. Tiled Linear Texture Storage 


Subsection size is determined by the texel depth. Subsection texture tiles are always 8 texels wide 
and 64 bytes in total size. This yields the set of arrangements shown in Table 15-34. 


Table 15-34. Subsection Size 

















Subsection (Tile) Size 
Texel Size 
U (Texels) V (Lines) 
4 bit 8 texels 4 bytes 16 
8 bit 8 texels 8 bytes 8 
16 bit 8 texels 16 bytes 4 
32 bit 8 texels 32 bytes 2 




















Thus, the 128 x 128 texture would always be 32 texture tiles across by 8 tiles (4 bit texels), 16 tiles 
(8 bit texels), 32 tiles (16 bit texels), or 64 tiles (82 bit texels). 
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15.3.4 


Base Address Registers for System Memory Objects 


Table 15-35 lists the base address registers for system memory objects. 


Table 15-35. Base and Offset Registers for System Memory Objects 








Object Base Register Offset Register 
Display list PF_BASE_ADDR_3D (4400h) Through a Branch instruction 
Z-buffer HXY_BASEO_ADDR_3D (4200h) | BASE’ -ADOR 3° tat tah} 
Color buffer HXY_BASE0_ADDR_3D (4200h) See BEE e a ‘ahs 





BASE0O_ADDR_3D (4114h) 


Textures HXY_BASE0O_ADDR_3D (4200h) BASE1_ADDR_3D (4118h) 














READ_DEV_REGS PF_BASE_ADDR_3D (4400h) PF_DEST_ADDR_3D (4408h) 











15.3.5 READ_DEV_REGS 


15.4 


15.4.1 


This opcode allows a display list to write the CL-GD5465 register contents to either physical or 
virtual system memory. It writes to the address determined in the PF_DEST_ADDRF_3D register. 


3D Instruction Set 


The CL-GD5465 3D engine is a stored-program computer with its own instruction set. This section 
covers the instructions, including the formats and field definitions. In Section 15.4.3 on page 15- 
48, each instruction is described in detail. 


Many instructions have field definitions that are common. An example is the EVENT_MASK in bits 
10:0 of the TEST and WAIT instructions. These common fields are defined in Section 15.4.2 on 
page 15-43 and then referenced in the individual instruction definitions. 


Instruction Summary 


Each instruction on the CL-GD5465 is precisely 32-bits long and must reside in system memory 
on a dword boundary. Instructions are often followed by a list of parameters. For example, 
DRAW_POINT is followed by parameters that define the location of the point in display memory 
space (XYZ) and color space (RGB). 


Instructions can be loaded into the CL-GD5465 by the host, but are more often fetched by the 
CL-GD5465 itself using the bus master capabilities of the PCI host interface (display list program- 
ming). In cases where it makes a difference in the description, this section assumes display list 
programming. 
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15.4.1.1. Drawing Instructions 


There are three drawing instructions: DRAW_POINT, DRAW_LINE, and DRAW_POLY. The format 
of the draw instructions is shown in Table 15-36. 


Table 15-36. Draw Instruction Format Summary 





Field Bits Description 
OP_CODE 31:27 | Specifies instruction 
STALL 26 Stall control for all opcodes 


INSTR_MODIFIER | 25:12 | Controls details of instruction execution (see Table 15-43) 





ADDR 11:6 Destination register for first parameter, usually ‘0’ 

















COUNT 5:0 Number of parameter words following the instruction word (0 to 63) 








The opcodes for the draw instructions are summarized in Table 15-37. 
Table 15-37. Draw Instruction Opcodes 


Hex Value 


Instruction | Opcode (Binary) (32-bit Template) 














DRAW_POINT 00000 0000 0000h 
DRAW_LINE 00001 0800 0000h 
DRAW_POLY 00010 1000 0000h 














The number and order of the parameters used by the draw instructions vary according to the 
instruction and the modifier bits. Typically, DRAW_POINT uses fewer parameters than 
DRAW_LINE, which uses fewer parameters than DRAW_POLY. The description of each draw 
instruction includes a table specifying the order of the parameters, and the parameter(s) that are 
skipped based on the modifier bits. 


The ADDR field specifies the register into which the first parameter is to be loaded. Since the first 
parameter is nearly always X_3D, this field is nearly always programmed to ‘0’. The COUNT field 
specifies the number of parameters. This can be as few as three for a DRAW_POINT to over 30 
for a DRAW_POLY. 


15.4.1.2 Transfer Instructions 


There are four instructions used to transfer control within a display list: BRANCH, C_BRANCH, 
NC_BRANCH, and CALL. The formats of the transfer instructions are shown in Table 15-38. 


Table 15-38. Transfer Instruction Format Summary 





Field Bits Description 
OP_CODE 31:27 Specifies instruction 
STALL 26 Stall control for all opcodes 
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Table 15-38. Transfer Instruction Format Summary (cont.) 


Field Bits Description 


Reserved 25:22 | Must be zero 





OFFSET_ADDR 21:2 Destination address 











Reserved 1:0 Must be zero 














The opcodes for the transfer instructions are summarized in Table 15-39. 
Table 15-39. Transfer Instruction Opcodes 


Hex Value 


Instruction | Opcode (binary) (32-bit Template) 


BRANCH 00111 3800 0000h Unconditional 





C_BRANCH 01000 4000 0000h Transfer if condition is true 





NC_BRANCH 01001 4800 0000h Transfer if condition is false 











CALL 01010 5000 0000h Unconditional, store return 








These four instructions conditionally or unconditionally transfer control within a display list. If the 
3D engine is not in Display List mode, execution of any of these instructions puts it into Display 
List mode. 


The two conditional branch instructions test a single condition bit, which must have been previ- 
ously set or reset with a TEST instruction. The actual condition tested is specified in the TEST 
instruction. 


The CALL instruction stores the offset of the next instruction so that it can be restored with a 
RETURN instruction. The CL-GD5465 supports a single level of subroutine. If a CALL is executed 
inside a subroutine, the original return address is lost. 


The OFFSET field is added to the PF_BASE_ADDR_3D register to obtain the target address. 
Instructions are always on dword boundaries; the least-significant two bits of OFFSET ADDR and 
PF_BASE_ADDR_3D must always be ‘0’. 


15.4.1.3 Control Instructions 


There are nine control instructions with various formats. The formats are shown in Table 15-40 
through Table 15-42. 


Table 15-40. TEST/WAIT Instruction Format Summary 




















Field Bits Description 
OP_CODE 31:27 Specifies instruction 
STALL 26 Stall control for all opcodes 
AND_OR 25 Controls how tests are combined 
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Table 15-40. TEST/WAIT Instruction Format Summary (cont.) 














Field Bits Description 
NOT 24 Inverts the sense of the test 
(Reserved) 23:11 Must be zero 
EVENT_MASK 10:0 Conditions are individually enabled 














The purpose of the TEST instruction is to set or reset the condition flag for a subsequent condition 
branch instruction. The purpose of the WAIT instruction is to wait for an event or combination of 
events to be true or false before continuing the instruction stream. The WAIT instruction does not 
change the condition flag. 


The AND_OR and NOT bits control how conditions are combined. The details are included in the 
instruction descriptions. 


The EVENT_MASK consists of individual bits for a number of events or conditions. These are enu- 
merated in Table 15-44. Since there is a bit for each event or condition, multiple events or condi- 
tions can be combined in a single TEST or WAIT instruction. The AND_OR and NOT bits control 
the way they are combined. 


Table 15-41. CONTROL ‘I Instruction Format Summary 























OP_CODE 31:27 | Specifies instruction 

STALL Stall control for all opcodes 

SUB_OPCODE Specifies one of 16 operations | Six are used 
(Reserved) Must be zero 




















Six CONTROL ‘I instructions are available. They are distinguished by a 4-bit SUB_OPCODE, as 
summarized in Table 15-42. 


Table 15-42. CONTROL ‘I Instructions 




















‘ 32-bit i 
Instruction | SUB_OPCODE ineinicton Function 
IDLE 0000b 6800 0000h | Idle prefetch unit (return to Coprocessor mode). 
Idle prefetch unit (return to Coprocessor mode) and set host 
IDLE_INT 0001b 6840 0000h interrupt request. 
No operation. Can be used with STALL bit to provide draw 
NOP ane Coen engine and prefetch engine stalls. 
Return from subroutine. Transfers control to the instruction 
RETURN 0011b 68C0 0000h following the last CALL. 
RETURN_INT 0100b 6900 0000h | Return from interrupt subroutine. 
CLEAR 1011b 6ACO 0000h | Clear Execution Engine registers (4000h to 40FCh) to ‘0’. 
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15.4.1.4 Read/Write Register Instructions 


There are five instructions used to read or write registers in the CL-GD5465: READ_DEV_REGS, 
WRITE_DEV_REGS, WRITE_REGISTER, WRITE_DEST_ADDR, and WRITE_PFCTRL_REG. 
These each have a different format; the formats of these instructions are given in the respective 
instruction description. 


The READ_DEV_REGS instruction can be used to read an arbitrary register from any unit in the 
CL-GD5465. The register contents are stored in system memory at the offset specified in 
PF_DEST_ADDR_3D. READ_DEV_REGS is limited to a single register per instruction. 


The register to be read is specified in two fields. The MODULE_SELECT field indicates the inter- 
nal module containing the register (see Table 15-45). The ADDR field specifies, within the module, 
the register to be read. 


The WRITE_DEV_REGS instruction is the analog of READ_DEV_REGS to write an arbitrary reg- 
ister. The parameter(s) to be written follows the instruction in the display list. WRITE_DEV_REGS 
is limited to a single register unless the 2D Engine registers 480h through 4FCh are the target. 


The register to be written is specified in two fields. The MODULE_SELECT field indicates the inter- 
nal module containing the register (see Table 15-45). The ADDR field specifies, within the module, 
the register to be written. 


The WRITE_REGISTER instruction is used to write a contiguous set of the CL-GD5465 3D reg- 
isters. The instruction contains two fields that select the first register that is to be written and a 
count specifying the number of registers to be written. The parameters that are to be written follow 
the instruction in the display list. This instruction can also be used in Coprocessor Direct mode. 


The WRITE_DEST_ADDR instruction is used to write an offset to PF_DEST ADDRF_SD. This off- 
set is subsequently used by READ_DEV_REGS. 


The WRITE_PFCTRL_REG instruction is used to write directly to PF_CTL_3D (4404h) or 
PF_FB_SEG_3D (440Ch). 


15.4.2 Instruction Field Tables 


This section defines the common fields in the instructions. These descriptions are in no particular 
order. They are referenced in the descriptions of the individual instructions that use them. 


15.4.2.1. STALL 


The STALL bit is always bit 26 in all CL-GD5465 instructions. If the STALL bit is set, all draw 
instructions that have been issued are completed before beginning the current instruction (that 
has the STALL bit set). 
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15.4.2.2. Draw Instruction INSTR_MODIFIER Field 


These bits are used in conjunction with the parameters to define just how the draw instruction is 
to be executed. Many of these bits can be used in combination to obtain the desired effect. See 
the sample programs in Section 15.6. 


Table 15-43. Draw Instructions INSTR_MODIFIER Field 


INSTR_MODIFIER | Bits | Description 


MODIFIER_EXP 25 Next word contains additional modifiers (for further expansion). 
This bit must be ‘0’. 





INITIAL_WIDTH 24 Initial triangle span widths required (for Area 1 and Area 2). Allows drawing poly- 
gons that have an initial width that is non-zero. 





FETCH _COLOR 23 Fetch existing color buffer pixels. Turn destination read on. This is used for color 
range compare and mask, as well as alpha blending when the blending co-effi- 
cient is stored with the data in the frame buffer. 

















ALPHA_LOAD 22 Load alpha registers A_3D, DA_MAIN_3D, and DA_ORTHO_3D. Used for fog or 
light gradient writes. 

DITHER 21 Dither polygon using PATTERN_RAM as dither pattern. This improves color qual- 
ity during lighting and non-3D shading processes. 

PATTERN 20 Pattern polygon using PATTERN_RAM. 

STIPPLE 19 Stipple polygon for transparency using PATTERN_RAM. 

LIGHTING 18 Global enable for lighting. 





TEXTURE_MODE 17:16 | 00: Texture mapping off 

01: Reserved 

10: Linear texture mapping 

11: Perspective-corrected texture mapping 














RESERVED 15 Reserved for expansion. 

SPECULAR 14 Enable specular lighting. 

Z_ON 13 Z-depth function on — a 3D operation. 

GOURAUD 12 Interpolate colors. The delta color parameters are used to obtain color gradients. 











Must be ‘0’ for DRAW_POINT. 
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15.4.2.3. TEST/WAIT Instruction EVENT_MASK 


This field is interpreted as individual bits rather than encoded values. This allows multiple condi- 
tions to be tested in a single instruction. 


3D PROGRAMMER’S GUIDE 


Table 15-44. TEST/WAIT Instruction EVENT_MASK 









































Bit | Hex Value Event Name Description Reset By: 
Set by system software to indicate that 
10 0x400 DISPLAY_LIST_SWITCH the display list can be switched to a | Software 
new buffer. 
; BitBLT 
9 0x200 COMMAND_FIFO_NOT_EMPTY 2D/3D command FIFO is not empty engine 
Neither BLT_BUSY nor BLT_READY | BitBLT 
8 0x100 BLT_ENGINE_BUSY aie trie engine 
7 0x080 HOSTXY_UNIT_BUSY HostXY unit is busy XY unit 
6 0x040 | EXECUTION_ENGINE_BUSY Execution engine is busy Sane 
5 0x020 | POLY_ENGINE_BUSY 3D engine is busy molygol 
engine 
4 0x010 Z_BUFFER_COMPARE Z-compare produces true result 
CRTC switches banks; used for double | Next CRT 
3 0x008 CRT_DISPLAY_BUFFER_SWITCH buffer of display screen. VSYNC 
CRT vertical counter equals | Next CRT 
2 0x004 CRT_LINE_COMPARE LINE_COMPARE VSYNC 
CRT vertical counter equals CRT | Next CRT 
1 0x002 CRT_EVSYNC VSYNC END VSYNC 
CRT vertical counter equals CRT | Next CRT 
: pxOOT "| GREAVSYNG VSYNC START VSYNC 
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15.4.2.4 READ/WRITE_DEV_REGS Instruction MODULE_SELECT 


This field specifies the internal module for the READ_DEV_REGS and WRITE_DEV_REGS 
instructions. 


Table 15-45. READ/WRITE_DEV_REGS Instruction MODULE_SELECT 





























Module Value Description 
VGAMEM 00 000b | VGA register set (I/O, palette, video CRT, cursor) 
VGAFB 00 001b | VGA frame buffer memory (AO000h—BFFFFh) 
VPORT 00 010b | V-Port Control registers 
LPB 00 011b | VMI host interface 
MISC 00 100b | Miscellaneous (Rambus and serial) 
ENG2D 00 101b | 2D Engine registers 
HD 00 110b | 2D engine host data port 
FB 00 111b | Direct frame buffer memory 
ROM 01 000b | ROM memory (read-only) 
ENG3D 01 001b | 3D Engine register set (offset 4000h—41FCh) 
HOST_XY 01010b | 3D engine HostXY register set (offset 4200h—42FCh) 
HDATA_3D 01011h | 3D (command) data port (offset 4800h-4BFCh) 
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15.4.2.5 Draw Instructions Register Skip Controls 


For each of the three draw instructions, a number of conditions can cause registers to be skipped 
as the parameters are loaded. For example, if mapped color is being used, there is no requirement 
to load the blue or green color parameters. Table 15-46 summarizes the conditions and shows 
which parameters are skipped for each. 


Table 15-46. Register Skip Conditions 





Parameters 


Skipped Causes Condition 


Condition Description 


The CL-GD5465 is programmed for 
Mapped color CLUT mapped color. A single color | Greens, Blues | CONTROLO_3D/[2:0] = 000b 
value is stored per pixel. 




















ee Color is static Delta colors Instruction [12] = 0 
Z-buffer off Z-buffer functions disabled Z, Delta Zs Instruction [13] = 0 
No initial width | Polygon has vertex at top ce Instruction [24] = 0 
Texture off No texture mapping U, V, DU, DV Instruction [17:16] = Ox 
Mat sa Linear texture mapping ene Instruction [17:16] = 10 
eae No alpha blending A, DA Instruction [22] = 0 
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15.4.3 


Instruction Listings 


CL-GD5465 Technical Reference Manual 


The following sections describe the instructions in detail. The descriptions are ordered alphabeti- 


cally. 


Table 15-47. Instruction Descriptions 




































































Instruction Section Page 
BRANCH 15.4.3.1 15-49 
CALL 15.4.3.2 15-50 
C_BRANCH 15.4.3.3 15-51 
CLEAR 15.4.3.4 15-52 
DRAW_LINE 15.4.3.5 15-63 
DRAW_POINT 15.4.3.6 15-56 
DRAW_POLYGON 15.4.3.7 15-58 
IDLE 15.4.3.8 15-62 
IDLE_INT 15.4.3.9 15-62 
INTERRUPT ENABLE CONTROL 15.4.3.10 15-63 
NC_BRANCH 15.4.3.11 15-64 
NOP 15.4.3.12 15-64 
READ_DEV_REGS 15.4.3.13 15-65 
RETURN 15.4.3.14 15-66 
RETURN_INT 15.4.3.15 15-67 
TEST 15.4.3.16 15-68 
WAIT 15.4.3.17 15-69 
WRITE_DEST_ADDR 15.4.3.18 15-70 
WRITE_DEV_REGS 15.4.3.19 15-71 
WRITE_PFCTRL_REG 15.4.3.20 15-72 
WRITE_REGISTER 15.4.3.21 15-73 
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15.4.3.1. BRANCH 


The 3D engine transfers control within the display list. If it is not already in Display List mode, it 
enters Display List mode. 


Table 15-48. BRANCH Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 00111b = 
STALL 26 0/1 Section 15.4.2.1 
(Reserved) 25:22 0 - 





OFFSET_ADDR | 21:2 — - 

















(Reserved) 1:0 0 - 











Functional Description 


The BRANCH instruction transfers control to the OFFSET ADDR. This is an unconditional trans- 
fer. No return address is saved. If the 3D engine is not already in Display List mode, execution of 
this instruction causes it to enter Display List mode. 


The OFFSET ADDR field is added to PF_BASE ADDR_SD to determine the virtual address of 
the target instruction in system memory. 
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15.4.3.2 CALL 


The 3D engine transfers control within the display list. If it is not already in Display List mode, it 
enters Display List mode. The return address is saved. 


Table 15-49. CALL Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01010b - 
STALL 26 0/1 Section 15.4.2.1 
(Reserved) 25:22 0 - 





OFFSET_ADDR | 21:2 =— - 














(Reserved) 1:0 0 - 














Functional Description 


The CALL instruction transfers control to the OFFSET_ADDR. This is an unconditional transfer. 
The return address is saved. If the 3D engine is not already in Display List mode, execution of this 
instruction causes it to enter Display List mode. 


The OFFSET ADDR field is added to PF_BASE ADDR_S3D to determine the virtual address of 
the target instruction in system memory. 


The CL-GD5465 stores a single return address. If a CALL is executed within a subroutine, the first 
return address is overwritten. 


May 1997 15-50 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 3D PROGRAMMER’S GUIDE 


15.4.3.3  C_BRANCH 


The 3D engine conditionally transfers control within the display list. If it is not already in Display 
List mode, it enters Display List mode. 


Table 15-50. C BRANCH Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01000b - 
STALL 26 0/1 Section 15.4.2.1 
(Reserved) 25:22 0 - 





OFFSET_ADDR | 21:2 — = 














(Reserved) 1:0 0 - 














Functional Description 


The C_BRANCH instruction transfers control to the OFFSET_ADDR if the condition flag is true. 
No return address is saved. If the 3D engine is not already in Display List mode, execution of this 
instruction causes it to enter Display List mode. 


The OFFSET ADDR field is added to PF_ BASE ADDR_S3D to determine the virtual address of 
the target instruction in system memory. 


C_BRANCH is typically preceded with a TEST instruction that sets the condition flag to true or 
false. 
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15.4.3.4 CLEAR 
The 3D Engine Parameter registers are set to ‘0’. 


Table 15-51. CLEAR Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01101b - 
STALL 26 0/1 Section 15.4.2.1 





SUB_OPCODE | 25:22 | 0101b - 





(Reserved) 21:0 0 = 























Functional Description 


The CLEAR instruction writes ‘0’s to registers 0x4000 through 0x40FC. 
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15.4.3.5 DRAW_LINE 


This instruction draws a line as specified in the instruction modifiers and the parameter list. 


Table 15-52. DRAW_LINE Instruction Format 














Field Bits | Value Reference 
OP_CODE 31:27 | 00001b - 
STALL 26 0/1 Section 15.4.2.1 
INSTR_MODIFIER | 25:12 = Section 15.4.2.2 
ADDR 11:6 (0) = 
COUNT 5:0 - - 























Functional Description 


The DRAW_LINE instruction fetches and loads parameters into the 3D Engine registers as spec- 
ified in the COUNT and INSTR_MODIFIER fields. It then draws the line. 


The ADDR field specifies the first parameter to be loaded. This is always programmed to zero so 
that X_3D is the first parameter. 


The COUNT field specifies the number of parameters that follow the instruction. This can vary 
from six to over 20. Table 15-54 shows the order of the parameter and the ones that skipped if 
specified conditions are extant. The conditions are covered in Section 15.4.2.5. 


Lines can be either X-major or Y-major (see Section 15.2.1). Table 15-53 summarizes the regis- 
ters into which the two increments must be programmed. For Y-major lines, the Y-increment must 
always be positive (Y-major lines must be drawn from lower addresses to higher addresses, just 
as polygons are always drawn from the top down). 


Table 15-53. Increments for DRAW_LINE 








Line X-Increment Y-Increment 
X-Major DX_MAIN_3D: 0x4014 + 1.0 DWIDTH2_3D: 0x4028 | (signed value) 
Y-Major DX_MAIN_3D: 0x4014 | (signed value) | DWIDTH2_3D: 0x4028 + 1.0 
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Table 15-54. DRAW_LINE Parameter Order 
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MMIO | Ngme | Mapped | Shading | 2_ON | wispping | Mapping | LOAD” | ULAR 
. Off Off Off Off 

Main Drawing Parameters 

0x4000 X_3D 

0x4004 Y_3D 

0x4008 R_3D 

0x400C G_3D Skip 

0x4010 B 3D Skip 

0x4014 DX_MAIN_3D 

0x4018 Y_COUNT_3D 

0x401C WIDTH1_3D 

0x402C DR_MAIN_3D Skip 

0x4030 DG_MAIN_3D Skip 

0x4034 DB_MAIN_3D Skip 

0x4044 Z_ 3D Skip 

0x4048 DZ_MAIN_3D Skip 

Texture Map Parameters 

0x4050 V_3D Skip 

0x4054 U_3D Skip 

0x4058 DV_MAIN_3D Skip 

0x405C DU_MAIN_3D Skip 

0x4068 D2V_MAIN_3D Skip Skip 

0x406C | D2U_MAIN_3D Skip Skip 





Alpha Blending Parameters 



































0x40C0 A_3D Skip 
0x40C4 DA_MAIN_3D Skip 
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MMIO Mapped | Shading | Z_ON Texture Perspect. ALPHA_ | SPEC- 
Addr mane Color | Disabled | off | Mapping | Mapping | LOAD | ULAR 
: Off Off Off Off 
Specular Lighting Parameters 
0x40D0 R_SPEC_3D Skip 
0x40D4 G_SPEC_3D Skip 
0x40D8 B_SPEC_3D 
DR_SPEC_ 
0x40DC MAIN_ 3D Skip 
DG_SPEC_ 
0x40E0 MAIN. 3D Skip 
DB_SPEC_ . 
0x40E4 MAIN. 3D Skip 
DR_SPEC_ 
0x40E8 ORTHO_ 3D Skip 
DG_SPEC_ 
0x40EC ORTHO_ 3D Skip 
DB_SPEC_ 
0x40F0 ORTHO_ 3D Skip 
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15.4.3.6 DRAW_POINT 


This instruction draws a point as specified in the instruction modifiers and the parameter list. 


Table 15-55. DRAW_POINT Instruction Format 














Field Bits | Value Reference 
OP_CODE 31:27 | 00000b - 
STALL 26 0/1 Section 15.4.2.1 
INSTR_MODIFIER | 25:12 i Section 15.4.2.2 
ADDR 11:6 0 = 
COUNT 5:0 - - 























Functional Description 


The DRAW_POINT instruction fetches and loads parameters into 3D Engine registers as speci- 
fied in the COUNT and INSTR_MODIFIER fields. It then draws a single point. 


The ADDR field specifies the first parameter to be loaded. This is always programmed to zero so 
that X_3D is the first parameter. 


The COUNT field specifies the number of parameters that follow the instruction. This can vary 
from three to eight. Table 15-56 shows the order of the parameters and which are skipped if spec- 
ified conditions are extant. The conditions are covered in Section 15.4.2.5. 


Table 15-56. DRAW_POINT Parameter Order 


MMIO Name Mapped | Z_ON Texture ALPHA_ SPECULAR 
Address Color Off Mapping Off LOAD Off Off 


Main Drawing Parameters 




















0x4000 X_3D 
0x4004 Y_3D 

0x4008 R_3D 

0x400C G_3D Skip 

0x4010 B 3D Skip 

0x4044 Z 3D Skip 





Texture Map Parameters 





0x4050 V_3D Skip 





0x4054 U_3D Skip 





Map Alpha Blending Parameters 





0x40C0 A_3D Skip Skip 
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Table 15-56. DRAW_POINT Parameter Order (cont) 


























MMIO Nannie Mapped | Z_ON Texture ALPHA_ SPECULAR 
Address Color Off Mapping Off LOAD Off Off 
Specular Lighting Parameter 
0x40D0 R_SPEC_3D Skip 
0x40D4 G_SPEC_3D Skip 
0x40D8 B_SPEC_3D Skip 

DR_SPEC_ 
0x40DC MAIN. 3D Skip 
DG_SPEC_ ‘ 
0x40E0 MAIN. 3D Skip 
DB_SPEC_ 
0x40E4 MAIN. 3D Skip 
DR_SPEC_ 
0x40E8 ORTHO. 3D Skip 
DG_SPEC_ : 
0x40EC ORTHO 3D Skip 
DB_SPEC_ 
0x40F0 ORTHO. 3D Skip 
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15.4.3.7. DRAW_POLYGON 


This instruction draws a polygon as specified in the instruction modifiers and the parameter list. 


Table 15-57. DRAW_POLYGON Instruction Format 














Field Bits | Value Reference 
OP_CODE 31:27 | 00010b - 
STALL 26 0/1 Section 15.4.2.1 
INSTR MODIFIER | 25:12 = Section 15.4.2.2 
ADDR 11:6 0 = 
COUNT 5:0 - - 























Functional Description 


The DRAW_POLYGON instruction fetches and loads parameters into the 3D Engine registers as 
specified in the COUNT and INSTR_MODIFIER fields. It then draws a polygon. 


The 3D engine interpolates the position of pixels unto an XYZ grid located in either local or system 
memory (see Section 15.2). The interpolated positions and transparencies are dependent on the 
X, Y, and Z parameters supplied to the 3D engine for each polygon. Colors are also applied during 
this interpolation process from multiple sources: 


e From the color ramp interpolators for Gouraud shading 

e From constant values located in the color registers 

e From texture maps located in local or system memory 

As the color sources are applied to the 3D engine, operators are applied to control the lighting, 


fogging, and blending. Texture mapping operators are also applied to filter, blend, copy, and decal 
texels as they traverse the CL-GD5465 3D engine data path. 


The ADDR field specifies the first parameter to be loaded. This is essentially always programmed 
to zero so that X_3D is the first parameter. 


The COUNT field specifies the number of parameters that follow the instruction. This can vary 
from seven to over 30. Table 15-58 shows the order of the parameter and which are skipped if 
specified conditions are extant. The conditions are covered in Section 15.4.2.5. 
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Table 15-58. DRAW_POLYGON Parameter Order 















































MMI Mapp ae Z_ | Initial | Tex- | Perspec- sr SPEC 

O Name ed | pic | ON | Width | ture tive Lop | ULAR 

Addr. Color off | Off Off Off Off 
abled Off 

Main Drawing Parameter 

0x400 ep 

0 

0x400 

: Y_3D 

0x400 aon 

8 

a G 3D Skip 

at B 3D Skip 

ea DX_MAIN_3D 

0x401 | y_COUNT_3D 

ox401 | WIDTH1_3D Skip 

0x402 | WIDTH2_3D Skip 

ee DWIDTH1_ 3D 

one DWIDTH2_3D 

a DR_MAIN_3D Skip 

9x403 | DG_MAIN_3D | Skip Skip 

2x403 | DB _MAIN_3D | Skip Skip 

0x403 | DR_ORTHO_ Sj 

8 3D p 

0x403 | DG _ORTHO_ a 

Cc 3D P 

0x404 DB- ay 

0 ORTHO_ 3D Ip 

staal Z 3D Skip 
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Table 15-58. DRAW_POLYGON Parameter Order (cont.) 









































MMI Mapp ee Z_ | Initial | Tex- | Perspec- a SPEC 
O Name ed | pic | ON | Width | ture tive Leap: | ULAR 
Addr. Color abled Off Off Off Off Off Off 
3x404 | DZ_MAIN_3D Skip 
0x404 | DZ_ORTHO_3 
C D Skip 
Texture Map Parameter 
oe V_3D Skip 
na U_3D Skip 
ox405 | Dv_MAIN_3D Skip 
oo DU_MAIN_3D Skip 
0x406 | DV_ORTHO 3 Skip 
0 D 
0x406 | DU_ORTHO_ 
4 3D Skip 
0x406 | D2V_MAIN 3 Skip Sin 
8 D 
0x406 D2U_MAIN_3 Skip Skip 
0x407 | D2V_ORTHO 
5 “3D me Skip Skip 
D2U_ORTHO 
oe 7 Skip Skip 
3D 
0x407 | DV_ORTHO_ 
8 ADD 3D Skip Skip 
0x407 | DU_ORTHO_ 
C ADD 3D Skip Skip 
Alpha Blending Parameters 
ee A 3D Skip 
Ox40C | DA_MAIN_3D Skip 
Ox400 DA_ORTHO_3 sie 
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Table 15-58. DRAW_POLYGON Parameter Order (cont.) 


























MMI Mapp ae Z_ | Initial | Tex- | Perspec- sr SPEC 
O Name ed | pic | ON | Width | ture tive Lop | ULAR 
Addr. Color Off | Off Off Off Off 
abled Off 

Specular Lighting Parameter 

px40D | R_SPEC_3D Skip 
Ox40D | G_SPEC_3D Skip 
ya0P | B_SPEC_3D Skip 
ox40D | DR_SPEC_M de 

GC AIN_3D ip 
ox40E | DG_SPEC_M 3 

0 AIN_3D ip 
ox40E | DB_SPEC_M 

4 AIN_3D Skip 
ox40E | DR_SPEC_O Be 

8 RTHO_3D : 
0x40E | DG SPEC_O bi 

C RTHO_ 3D Ip 
ox40F | DB_SPEC_O dé 

0 RTHO_3D ip 
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15.4.3.8 IDLE 


This instruction places the 3D engine into the idle state (Coprocessor mode). 


Table 15-59. IDLE Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01101b - 
STALL 26 0/1 Section 15.4.2.1 





SUB_OPCODE | 25:22 | 0000b - 














(Reserved) 21:0 0 = 














Functional Description 


When in the idle state the CL-GD5465 no longer processes the display list. A BRANCH, 
C_BRANCH, NC_BRANCH, or CALL instruction can be used to re-initiate display list processing. 


In the idle state, all internal registers are exposed for direct control by the host. 
15.4.3.9 IDLE_INT 


The 3D engine enters the idle state (Coprocessor mode) and generates an interrupt to the host (if 
enabled). 


Table 15-60. IDLE_INT Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01101b - 
STALL 26 0/1 Section 15.4.2.1 





SUB_OPCODE | 25:22 | 0001b 7 




















(Reserved) 21:0 0 = 








Functional Description 


When executed in Display List mode, the IDLE_INT instruction ceases display list processing and 
generates an interrupt on INTA# (if enabled). RETURN_INT can be used to resume display list 
processing. 


IDLE_INT is typically used to signal the end of a display list, or that the engine has reached a point 
where guidance from the host is required. 
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15.4.3.10 Interrupt Enable Control 
Interrupt enable bits are set or cleared according the SET_CLR field and the INT_MASK field. 














Table 15-61. INTERRUPT Instruction Format 
Field Bits | Value Reference 

OP_CODE 31:27 | 01111b - 
STALL 26 0/1 Section 15.4.2.1 

0 = Clear, 
SET_CLR 25 0/1 1 = Set 
(Reserved) 24:5 0 - 
INT_MASK 4:0 Table 15-62 























Functional Description 


The INTERRUPT instruction either sets or clears flip-flops that enable events to set bits in the 
PF_STATUS_3D register. The flip-flops are chosen according to the SET_CLR and INT_MASK 
fields. The SET_CLR field controls whether bits are to be set to ‘1’ or cleared to ‘0’. The INT_MASK 
field controls which interrupt enables to set or clear. Since this field is bit-sensitive (rather than 
encoded), multiple bits can be set or cleared at once. 



































Table 15-62. INTERRUPT Instruction INT_MASK Field 

INT_MASK Interrupt Name PF_STATUS 3D Reset By 

1 0000b Z_ COLLISION Bit 4 Read of STATUS_3D (0x413C) 
0 1000b DISPLAY_BUFFER_SWITCH Bit 3 Next CRT VSYNC 

0 0100b CRT_LINE_COMPARE Bit 2 Next CRT VSYNC 

0 0010b CRT_EVSYNC Bit 1 Next CRT VSYNC 

0 0001b CRT_VSYNC Bit 0 Next CRT VSYNC 
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15.4.3.11 NC BRANCH 


The 3D engine conditionally transfers control within the display list. If it is not already in Display 
List mode, it enters Display List mode. 


Table 15-63. NC BRANCH Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01001b - 
STALL 26 0/1 Section 15.4.2.1 
(Reserved) 25:22 0 - 





OFFSET_ADDR | 21:2 = = 














(Reserved) 1:0 0 - 














Functional Description 


The NC_BRANCH instruction transfers control to the OFFSET_ADDR if the condition flag is false. 
No return address is saved. If the 3D engine is not already in Display List mode, execution of this 
instruction causes it to enter Display List mode. 


The OFFSET_ADDR field is added to PF_BASE-ADDR_3D to determine the virtual address of 
the next instruction in system memory. 


NC_BRANCH is typically preceded with a TEST instruction that sets the condition flag to true or 
false. 


15.4.3.12 NOP 


The 3D engine advances the instruction address pointer. 


Table 15-64. NOP Instruction Format 





Field Bits | Value Reference 
OP_CODE 31:27 | 01101b - 
STALL 26 0/1 Section 15.4.2.1 





SUB_OPCODE | 25:22 | 0010b 7 





(Reserved) 21:0 0 7 























Functional Description 


The NOP instruction does nothing except to advance the instruction pointer and possibly execute 
a STALL. This can be used to ensure the 3D engine has finished drawing and that the prefetch 
pipeline is clear. 
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15.4.3.13 READ_DEV_REGS 


This instruction causes the indicated register to be read. The results are stored in system memory 
at the address specified in PF_DEST_ ADDR_3D. 


Table 15-65. READ DEV_REGS Instruction Format 














Field Bits | Value Reference 
OP_CODE 31:27 | 00110b - 
STALL 26 0/1 Section 15.4.2.1 
MODULE_SELECT | 25:21 i Table 15-45 
(Reserved) 20:17 0 = 
ADDR 16:6 i - 
COUNT 5:0 1 - 























Functional Description 


The READ_DEV_REGS instruction fetches the contents of the specified register and places them 
into the location in system memory specified in PF_DEST_ADDR_3D. PF_DEST_ADDR_3D can 
be loaded with the execution of a WRITE_DEST_ADDR instruction. 


This instruction is used to write the CL-GD5465 status to system memory while processing a dis- 
play list. This instruction waits for the 3D engine to be idle before it is executed. This allows the 
instruction stream processing to communicate its status to the system software, thus providing a 
means of synchronization between 3D operations and 2D operations. 


The MODULE_SELECT field indicates which module in the CL-GD5465 contains the register to 
be read. This field in defined in Table 15-45 on page 15-46. 


The ADDR field indicates the register within the module is to be read. 
COUNT must be programmed to ‘1’. 
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15.4.3.14 RETURN 


CL-GD5465 Technical Reference Manual 


This instruction cause the 3D engine to return from a subroutine. 


Table 15-66. RETURN Instruction Format 























Field Bits | Value Reference 
OP_CODE 31:27 | 01101b - 
STALL 26 0/1 Section 15.4.2.1 
SUB_OPCODE 25:22 | 0011b = 
(Reserved) 21:0 0 - 











Functional Description 


The RETURN instruction restores the state information saved by a CALL instruction and resumes 
instruction stream processing at the instruction following the CALL. 


The CL-GD5465 supports only a single-level subroutine. 
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15.4.3.15 RETURN_INT 


The 3D engine restores the state information saved by an INT and resumes display list processing 
at the location following the INT. 


Table 15-67. RETURN_INT Instruction Format 


Field Bits | Value Reference 
OP_CODE 31:27 | 01101b - 





STALL 26 0/1 Section 15.4.2.1 
SUB_OPCODE | 25:22 | 0100b - 





























El 21 0/1 - 
DA 20 0/1 - 
CF 19 0/1 - 
(Reserved) 18:0 0 - 








Functional Description 


The RETURN_INT instruction restores the instruction state saved by an INT and resumes display 
list processing. 


Table 15-68 summarizes the control bits in 21:19. 


Table 15-68. State Information Restoration Control for RETURN_INT 


RETURN_INT Field 





El (bit 21) Interrupt enables 





DA (bit 20) Destination address 


CF (bit 19) Condition flag 
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15.4.3.16 TEST 


The 3D engine tests one or more events and sets the condition flag based on the outcome. 


Table 15-69. TEST Instruction Format 

















Field Bits | Value Reference 
OP_CODE 31:27 | 10000 - 
STALL 26 0/1 Section 15.4.2.1 
AND_OR 25 0/1 - 

NOT 24 0/1 = 
(Reserved) 23:11 0 - 
EVENT_MASK 10:0 _ Table 15-44 























Functional Description 


The TEST instruction tests one or more events as specified in the EVENT_MASK, and sets or 
resets the condition flag based on the outcome. 


The AND_OR and NOT bits control how the events are combined. This is summarized in 
Table 15-70. 


Table 15-70. TEST Instruction Control Bits 

















AND_oR | NOT EVENT Nae Instruction Name C-Flag is set if 
X 0 1 TEST Single event is true 
1 0 2 or more TEST _AND All events are true 
0 0 2 or more TEST_OR Any event is true 
X 1 1 NTEST Single event is false 
1 1 2 or more NTEST_AND All events are false 
0 1 2 or more NTEST_OR Any event is false 
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15.4.3.17 WAIT 


The 3D engine tests one or more events and waits before continuing with the display list. 


Table 15-71. WAIT Instruction Format 

















Field Bits | Value Reference 
OP_CODE 31:27 | 01110b - 
STALL 26 0/1 Section 15.4.2.1 
AND_OR 25 0/1 - 

NOT 24 0/1 = 
(Reserved) 23:11 0 - 
EVENT_MASK 10:0 = Table 15-44 























Functional Description 


The WAIT instruction tests one or more events as specified in the EVENT_MASK field and waits 
before continuing with the display list. The WAIT instruction does not change the condition flag. 


The AND_OR and NOT bits control how the events are combined, as summarized in Table 15-72. 


Table 15-72. WAIT Instruction Control Bits 




















AND_OR | NOT EVENT WACK Instruction Name Waits for: 
X 0 1 TEST Single event to be true 
1 0 2 or more TEST_AND All events to be true 
0 0 2 or more TEST_OR Any event to be true 
X 1 1 NTEST Single event to be false 
1 1 2 or more NTEST_AND All events to be false 
0 1 2 or more NTEST_OR Any event to be false 
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15.4.3.18 WRITE_DEST_ADDR 
The 3D engine writes the OFFSET_ADDR value to PF_DEST_ADDR_3D. 


Table 15-73. WRITE_DEST_ADDR Instruction Format 





























Field Bit Value Reference 
OP_CODE 31:27 | 01011b - 
STALL 26 0/1 Section 15.4.2.1 
(Reserved) 25:22 0 - 
OFFSET_ADDR | 21:2 - - 
(Reserved) 1 0 - 
INCREMENT 0 0/1 - 











Functional Description 


The WRITE_DEST_ADDR instruction transfers the OFFSET _ADDR field to 
PF_DEST_ADDR_3D. Bit 0 of the instruction is transferred to the INCREMENT bit 
(PF_DEST_ADDR_3D[0]). The PF_DEST_ADDR_8D register specifies the offset for 
READ _DEV_REG. 
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15.4.3.19 WRITE_DEV_REGS 


The indicated registers are written with words following the instruction word. 


Table 15-74. WRITE_DEV_REGS Instruction Format 








Field Bits | Value Reference 
OP_CODE 31:27 | 00101b - 
STALL 26 0/1 Section 15.4.2.1 
MODULE_SELECT | 25:21 i Table 15-45 





BYTE_ENABLES 20:17 0 = 





ADDR 16:6 - - 




















COUNT 5:0 1 = 








Functional Description 


The WRITE_DEV_REGS instruction fetches the word(s) following the instruction and writes them 
into the indicated register(s). In this context, register(s) include the frame buffer and the VMI host 
port, among others. See Table 15-45 on page 15-46. 


This instruction waits for the 3D engine to be idle before it is executed. This allows the instruction 
stream processing to communicate its status to the system software, thus providing a means of 
synchronization between 3D operations and 2D operations. 


The MODULE_SELECT field indicates the module in the CL-GD5465 containing the register to 
be written. This field in defined in Table 15-45. 


The BYTE_ENABLES field indicates which bytes are to be written. Bit 20 corresponds to the most- 
significant byte; bit 17 corresponds to the least-significant byte. A ‘1’ in any bit indicates the corre- 
sponding byte is not to be written. Typically, this field is all ‘O’s except for some single-register oper- 
ations. 


The ADDR field indicates the first (or only) register within the module to be written. If the destina- 
tion is the frame buffer (MODULE_SELECT = 100 011b), this field supplies bits 12:2 of the frame 
buffer address. The entire frame buffer address is formed as indicated in Table 15-75. No carry will 
be generated between address bits 12 and 13. If the count and beginning address are such that 
a carry out of bit 12 occurs, it will be ignored. The 12:2 field will wrap to zero and the 23:13 field 
will not increment. 


Table 15-75. Frame Buffer Address 





Address Bits Source Note 

23:13 PF_FB_SEG_3D[10:0] | See Chapter 10, “8D Graphics Accelerator Registers” 
12:2 ADDR field i 

1:0 zero Dword boundary 




















Copyright 1997 — Cirrus Logic Inc. 15-71 May 1997 


3D PROGRAMMER’S GUIDE CL-GD5465 Technical Reference Manual 


The COUNT field indicates the number of registers to be written. The following modules/registers 
support multiple register writes from a single instruction: 


e TLUT at 009Ch 

e 3D Graphics Engine registers 

e 2D command port at 0480h—04FCh 

e Host data port at O800h-OFFCh 

e Host data 3D data port at 4800h—4BFFh 
e HostXY registers at 4200h—4240h 


The WRITE_DEV_REGS instruction is used to access other devices with the CL-GD5465 while 
processing a display list. For example, this allows texture map palettes to be loaded into the TLUT 
after a texture-mapped polygon is complete. It can also be used to directly update the on-screen 
or off-screen frame buffer. 


15.4.3.20 WRITE_PFCTRL_REG 


The 3D engine writes the PF_CTL_DATA field to either the PF_CTL_3D register or the 
PF_FB_SEL_3D register. 


Table 15-76. WRITE_PFCTRL_REG Instruction Format 














Field Bits | Value Reference 
OP_CODE 31:27 | 10001b - 
STALL 26 0/1 Section 15.4.2.1 
RSEL 25 0/1 = 
(Reserved) 24:16 0 - 
PF_CTL_DATA 15:0 — = 























Functional Description 


The WRITE_PFCTRL_REG instruction transfers the PF_CTL_DATA field to the least-significant 
16 bits of either PF _CTL_3D or PF_FB SEG_3D. 


The PF_CTL_3D register is not otherwise accessible from display list processing. Care must be 
exercised if this register is changed during engine execution. Place a NOP with STALL (that waits 
until the engine is idle) immediately in front of this instruction in the display list. 


RSEL specifies which of the two object registers is to be loaded, as shown in Table 15-77. 


Table 15-77. WRITE_PFCTRL_REG Instruction RSEL Field 














RSEL Destination Register | Address (hex) Bits Used 
0 PF_CRL_3D 0x4404 
1 PF_FB_SEG_3D 0x440C 
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The 3D engine writes one or more contiguous registers. This instruction can be used in Coproces- 
sor mode, as well as Display List mode. 


Table 15-78. WRITE_REGISTER Instruction Format 























Field Bits | Value Reference 
OP_CODE 31:27 | 00011b = 
STALL 26 0/1 Section 15.4.2.1 
(Reserved) 25:13 0 - 

C 12 0/1 = 
ADDR 11:6 i - 
COUNT 5:0 - - 














Functional Description 


The WRITE_REGISTER instruction transfers the next COUNT dwords in the display to the 3D reg- 
isters, beginning with the register specified in the C and ADDR fields. This instruction can take 
advantage of the PCI burst write sequence. 


If the COUNT field is ‘0’, no registers are written. 
The C bit indicates whether the ADDR field is an offset from 0x4000h or 0x4100h. See 























Table 15-79. 
Table 15-79. WRITE_REGISTER Instruction C Bit 
C (Bit 12) Bese Registers 
Address 9 
0 0x4000 Drawing 
1 0x4100 Control 
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Four header files are used by the programming examples for the CL-GD5465. Included are regis- 
ter definitions, instruction opcodes, structure definitions, and other generally useful information. 
The # defines that could be used as a basic for programming the CL-GD5465. The files ‘I3types.h’ 
and ‘modemon.h’ are support header files included here for completeness. These files are in the 


directory 5465Code/3D. 


Programming Examples 


The nine program files listed in Table 15-80 illustrate programming the 3D engine. The source 


code is in the indicated file. 
Table 15-80. Sample Programs 


Description 


Setup 3D engine 


File Path 


5465Code/3D/trm.c 





Z-buffered points 


5465Code/3D/dlists.c 





Alpha-blended points 


5465Code/3D/dl_point.c 





Gouraud-shaded lines 


Gouraud-shaded and dithered polygon 





5465Code/3D/line0.c 
5465Code/3D/poly0.c 





Polygons with Z-buffering, flat-shading, and other modifiers 


5465Code/3D/poly1.c 














Polygon showing Z-buffering, stippling, and constant lighting 5465Code/3Dpoly2/.c 
Polygons showing texture mapping 5465Code/3D/poly3.c 
Polygons showing filtered texture mapping 5465Code/3D/poly4.c 
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15.6.1. Initial Width Instruction Modifier 
15.6.1.1 Defining the Initial Span 


There are two methods for initializing polygon drawing depending on the characteristics of the ini- 
tial (top) span of the polygon. The CL-GD5465 has opcode modifiers for the following two cases: 


Case 1 


A polygon without an initial width (WIDTH1) parameter, nor an opposite width (WIDTH2) param- 
eter. An initial width bias (W1_BIAS) is provided from a 5-bit field in PARAMETER_WIDTH. 


Case 2 
A polygon with both WIDTH1 and WIDTH2 supported. The W1_ BIAS field is not used in this case. 


15.6.2 Double and Multi-Buffering 


The CRTC_START_ADDR2 register, when written by either the PCI interface (Coprocessor mode) 
or WRITE_DEVICE_REGS (Display List mode), arms for transfer into the Primary Screen Start 
Address registers (located at CR1D[20:19], CR1B[18:16], CRC[15:8], and CRD[7:0]) at the next 
frame interval (at VBLANK). This is then loaded into the screen display refresh address counters 
at VSYNC. On the next active frame, the new display start address is used to refresh the screen. 
This address is used to refresh the screen until the next write to the Secondary Screen Start 
Address register. 


The Secondary Screen Start Address register is read/write. For software double-buffering, three 
methods can be used. 


In the first method the driver uses a software-polling mechanism that emulates the following: 


1) At the end of the display list, a Load_Long_HIF writes the Secondary Screen Start Address register to 
the new display buffer refresh address. 


2) The next instruction of the display list then starts the clear Z-buffer (for 3D operation) BitBLT operation. 
When complete, the CL-GD5465 goes into the idle state (Coprocessor mode) by reading an IDLE 
instruction. 


3) The software driver reads the primary display address or polls for VSYNC. When either case is detected, 
the software driver issues a BRANCH instruction to the top of the new display list. 


4) This process repeats back to step 1. 
The second method uses a hardware interrupt on VSYNC. This eliminates polling of the CPU and 
thus gives a better frame rate. Triple buffering works in the same manner, except that there is no 


wait is necessary to begin drawing. There is a cleared (or initialized) buffer ready to begin 3D 
writes without disruption of the current display buffer. 


The third, and faster, method uses the WAIT instruction with the wait event being a flag in the 
CONTROL_3D registers. This flag is read/write by the host software driver. The bottom of the dis- 
play list instruction sequence is: 


1) Atthe end of the display list, aWRITE_DEVICE_REGS writes the Secondary Screen Start Address reg- 
ister. The hardware sets an ARM signal on the write, and clears the ARM bit at VBLANK. 


2) The next instruction of the display list then starts the clear Z-buffer (for 3D operation). 
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3) 


4) 


The next display list instruction is a WAIT_ON_FLAG, the TBD bit (CONTROLO_3D{[ ]) is ‘0’ (flag is ‘0’), 
and the display list execution waits for ‘1’ (flag is ‘1’). This is set by the software driver when the next 
display list buffer has been loaded into memory and is ready for display list execution. 


When the WAIT instruction detects a ‘1’ (flag is ‘1’) in the TBD bit (CONTROLO_3D{ ]), the next display 
list instruction is called. The hardware clears (flag is ‘0’) the TDB bit (CONTROLO_3D{ ]) on the comple- 
tion of the WAIT_ON_FLAG instruction. For double buffering, the next instruction is a 
WAIT_FOR_NOT_ARM. For triple buffering, a BRANCH instruction to the top of the next display list 
sequence is called. For the double-buffering operation, a BRANCH instruction would follow the 
WAIT_FOR_NOT_ARM instruction. The NOT_ARM indicates that the new Secondary Start Display 
Address register has been loaded into the Primary Start Display Address register and that the hardware 
is at a frame interval. 


In the above process, the advantage is the elimination of waiting by the software driver to instan- 
tiate the next branch to the top of the display list for the draw operation. This allows the CPU to 
continue display-list building without waiting for a buffer switch or a BRANCH instruction, as in 
case 1. 


There is one advantage for the secondary address register write: There must be a window that 
disables the write data to complete when the data is written during the same cycle where a 
VBLANK occurs. This forms a guard band during the write and ARM cycle. Also, if the Primary 
Start Address register is read during this guard band, the read must be suspended until after the 
update (after VBLANkK) of the Primary Display Start Address register. 


15.6.3 Z-Collision Detection 


The Z-buffer can be used to detect the proximity of two rendered primitive objects by considering 
all three spatial dimensions. Figure 15-18 is an illustration of this method. 
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SET Z_MASK_REG 
<< 


CLEAN Z_COLLIDE_BIT 
RENDER THE PRIMITIVE 


IS Z_COLLIDE_BIT SET? 


YES 
READ Z_COLLIDE_REG REGISTER 








Figure 15-18. Z-Buffer Detect Method 
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In some application scenarios, it can be desirable to perform a more coarse comparison on the Z 
values that constitute a collision. This assumes that not all 16 bits of Z are significant to determine 
proximity. In addition, the upper bits of Z can be allocated to identify objects (in a limited object 
space) if these bits can be masked from the Z-comparison function. The CL-GD5465 provides a 
means for defining the desired masking by separate masks for the upper and lower bytes of Z. The 
CONTROL1_3D register (4110h) defines the masks for each of the upper- and lower-halves of the 
Z value. 


Table 15-81. Z-Value Masks 








15 8 | 7 0 
Z-value affected Bits 15:8 Bits 7:0 
Mask field from 
CONTROL1_3D reg- | Z-hit object mask bits 31:24 Z-hit precision mask bits 7:0 
ister 

















During the interpolation, Z values from the buffer and interpolator are filtered through the two 
masks. They are then compared and, if the values are the same, a collision is indicated. The user 
can then check the collision Z value and determine from the upper bits which object caused the 
collision. 


Both halves of the Z value are masked before the compare so that the user can: 


1) Mask lower ‘n’ (0 to 8) bits to ‘0’, to allow decrease in Z resolution to ensure that deep objects do not 
pass through each other, but are caught on a larger scale. 


2) Mask upper ‘n’ (0 to 8) bits to ‘0’, to allow for assigning IDs to objects. For example, there can be four 
different objects at the same Z distance, each with different top two bits in Z (‘00’, ‘01’, ‘10’, ‘11’). They 
are considered to be in the same Z since those bits are masked out, but in the case of collision, buffered 
Z is copied to Z_COLLIDE register so the user can examine it and see the object number (top two bits) 
that caused the collision. 


15.6.4 3D Events 


The following are the 3D events currently being considered. These generate some type of notifi- 
cation: either an interrupt, an internal or external pin, or a register bit state change. 


CRT_VBLANK — CRTC vertical blank 

CRT_BANK — CRTC bank switch used for double buffer 
CRT_HBLANK — CRTC horizontal blank 

CRT_BEAM_EQ — CRTC vertical count equal 

2D _ENG_IDLE — 2D engine IDLE strobe to synchronize 3D and 2D requests (that is, Bit- 
BLTs). 

AUTO_BLT_A — 2D engine auto-BitBLT signal A 
AUTO_BLT_B — 2D engine auto-BitBLT signal B 
AUTO_BLT_C — 2D engine auto-BitBLT signal C 

Z_ COMPARE — trigger event on Z compare 
C_COMPARE — trigger event on color compare 
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16. VIDEO PROGRAMMING NOTES 


16.1 


16.2 
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Introduction 


This chapter discusses the programming of the video features of the CL-GD5465. The overview 
describes the components involved at the block-diagram level and introduces some terms. Then 
the three major capabilities are described: video capture, video windows, and TV-Out. 


Overview 


Figure 16-1 is an abstract of the video capture and display capabilities of the CL-GD5465. 


V-PORT™ PINS 


PHYSICAL DATA SYNCHRONIZATION 
VIRTUAL 


VALID LINE COUNT 
LINE COMPARE 







CAPTURE CLIPPING 
VIDEO STREAM VIDEO STREAM CAPTURE RESIZING 


MANAGER m MANAGER n TEMPORAL DECIMATION/SHRINK 
CAPTURE FORMAT CONVERSION 


VIDEO 
WINDOW 


Figure 16-1. Video Capture and Video Window 





FRAME BUFFER 
DISPLAY RESIZING 
OCCLUSION 





The PV-Port (physical V-Port) connects the CL-GD5465 to the external device. It is bidirectional, 
transferring data, and controls either from the device to the external device (for example, TV-Out) 
or from the external device to the device (for example, video capture). The details of data clock- 
ing as well as the data width and direction can be controlled. 


The VV-Port (virtual V-Port) keeps track of fields and counts capture lines. It also serves as the 
interface between the PV-Port and the VSM (video stream manager). 
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16.3 


16.3.1 


The VSM handles capture clipping, capture resizing and filtering, capture data format conver- 
sion, and the actual writing of capture data into the frame buffer. 


The video window handles the fetching of data from the frame buffer, display resizing, data for- 
mat conversion, and occlusion. 


Registers 


The Laguna architecture allows for up to eight video windows, four PV-Ports, four VV-Ports, and 
six VSMs. Each window, PV-Port, VV-Port, or VSM has an identical register set, outlined later in 
this chapter. The registers are formally described in their respective chapters. 


Some features for a given block may not be implemented and some blocks are not implemented 
at all in some members of the Laguna family. Features that are not implemented should not be 
enabled. It is up to the software to determine which blocks and features are implemented using 
the respective capability registers. 


Register Nomenclature 


The register names are defined in the standard file CONVERG.H in 5465Code/Video/. These 
names are used throughout this chapter, as well as the chapters that formally describe the regis- 
ters. 


16.3.2 Register Maps 


Table 16-1 shows the beginning addresses of each of the functional blocks defined in the Laguna 
architecture. Not all these are necessarily implemented. The most-significant nibble of the MMIO 
offset is shown as 8. Offsets beginning with 0x9, OxA, and OxB can be used for bi-endian swap- 


ping. 
Table 16-1. Register Map: Block Addresses 


























Block ee ia CL-GD5465 Note 
Video Window 0 8000h 100h Implemented 
Video Window 1 8100h 100h Not implemented 
Video Window 2 8200h 100h Not implemented 
Video Window 3 8300h 100h Not implemented 
Video Window 4 8400h 100h Not implemented 
Video Window 5 8500h 100h Not implemented 
Video Window 6 8600h 100h Not implemented 
Video Window 7 8700h 100h Not implemented 
PV-Port 0 8800h 40h Video in/VGA passthrough 
PV-Port 1 8840h 40h TV-Out 
PV-Port 2 8880h 40h Not implemented 
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Table 16-1. | Register Map: Block Addresses (cont.) 
Block spre ie CL-GD5465 Note 

PV-Port 3 88CO0h 40h Not implemented 
VV-Port 0 8900h 40h Connected to PV-Port 0 
VV-Port 1 8940h 40h Connected to PV-Port 1 
VV-Port 2 8980h 40h Not implemented 
VV-Port 3 89COh 40h Not implemented 
VSM 0 9A00h 100h Video capture 
VSM 1 9BO0h 100h Video capture 
VSM 2 9Co0h 100h Video capture 
VSM 3 9D00h 100h Not implemented 
VSM 4 9E00h 100h Not implemented 
VSM 5 9FOOh 100h TV-Out 























Table 16-2 shows the register mapping for the video windows. The offset is combined with the 
beginning offset of the respective window to form a complete MMIO offset. 


Table 16-2. 


Register Map: Video Window 






















































Offset 
00h Reserved VW_HSTRT: Video Window Horizontal Start 
04h VW_HSDS2: Video Window Horizontal Source | yw¥_HEND: Video Window Horizontal End 
08h VW_HACCUM_STP: Video Window Horizontal Accumulator Step 
OCh VW_HACCUM_SD: Video Window Horizontal Accumulator Seed 
10h VW_END: Video Window Vertical End VW_VSTRT: Video Window Vertical Start 
14h VW_VACCUM_STP: Video Window Vertical Accumulator Step 
18h VW_VACCUM_SDA: Video Window Vertical Accumulator Seed A 
1Ch VW_VACCUM_SDB: Video Window Vertical Accumulator Seed B 
20h VW_PSD_ADDR: Video Window Primary Source Data Start Address 
24h VW_SSD_ADDR: Video Window Secondary Data Start Address 
28h VW_PSD_UVSTRT_ADDR: Video Window Primary Source Data UV Start Address 
2Ch VW_SSD_UVSTRT_ADDR: Video Window Secondary Source Data UV Start Address 
30h-—3Fh Reserved 
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Table 16-2. Register Map: Video Window (cont.) 





















































40h Reserved VW_SD_PITCH: ee Source Data 

44h VW_CLRKEY_MIN: Video Window Color Key Minimum 

48h VW_CLRKEY_MAX: Video Window Color Key Maximum 

4Ch VW_CHRMKEY_MIN: Video Window Chroma Key Minimum 

50h VW_CHRMKEY_MAX: Video Window Chroma Key Maximum 
VW_BRIGHT_ADJ: Video Window Brightness 

54h Reserved Adjust 

58h—D3h Reserved 

D4h Reserved Reserved VWZ_ORDER 

D8h Ridserved WES ee Window FIFO 

DCh Reserved 

EOh VW_CONTROL1: Video Window Control 1 

E4h VW_CONTROLO: Video Window Control 0 

E8h VW_CAP1: Video Window Capabilities 1 

ECh VW_CAPO: Video Window Capabilities 0 

FOh VW_TESTO: Video Window Test 0 

F4h-FFh Reserved 














Table 16-3 shows the register mapping for the PV-Port. The offset is combined with the beginning 
offset of the respective PV-Port to form a complete MMIO offset. 


Table 16-3. Register Map: PV-Port 























Offset Byte 3 
00h PV_STAT: PV-Port Status 
04h-2Bh Reserved 
2Ch PV_CONFIG: PV-Port Configuration 
30h Reserved 
34h PV_CAP: PV-Port Capabilities 
38h PV_TEST: PV-Port Test 
3Ch Reserved 
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Table 16-4 shows the register mapping for the VV-Port. The offset is combined with the beginning 
offset of the respective VV-Port to form a complete MMIO offset. 


Table 16-4. Register Map: VV-Port 






Offset 






00h VV_LN_CMP: VV-Port Valid Line Compare VV_LN_CNT: VV-Port Valid Line Count 
04h VV_STATUS: VV-Port Status 




















O08h-—33h Reserved 

34h VV_CONTROL: VV-Port Control 
38h VV_TESTO: VV-Port Test 0 
3Ch Reserved 











Table 16-5 shows the register mapping for the VSM. The offset is combined with the beginning off- 
set of the respective VSM to form a complete MMIO offset. 


Table 16-5. Register Map: VSM 







































































00h VSMHWIDTH: VSM Horizontal Width VSMHLEFT: VSM Horizontal Left 
04h VSMVHEIGHT: VSM Vertical Height VSMVTOP: VSM Vertical Top 

08h VSM_HACC_STP: VSM Horizontal Accumulator Step 

O0Ch VSM_VACC_STP: VSM Vertical Accumulator Step 

10h VSM_PB_ADDR: VSM Primary Buffer Start Address 

14h VSM_SB_ADDR: VSM Secondary Buffer Start Address 

18h VSM_PBUV_ADDR: VSM Primary Buffer UV Start Address 

1Ch VSM_SBUV_ADDR: VSM Secondary Buffer UV Start Address 

20h-2Ch Reserved 

30h VSM_TMP_DEC_SW | VSM_TMP_SKP_SW VSM_BPITCH: VSM Buffer Pitch 
34h VSM_DST_FMT VSM_SRC_FMT VSM_TMP_DEC VSM_TMP_SKP 
38h Reserved Reserved VSM_HFilterCtl 
3Ch-D7h Reserved 

D8h VSM_STATUS: VSM Status 

DCh-E3h Reserved 

E4h VSM_CONTROL: VSM Control 

E8h VSM_CAP1: VSM Capabilities 1 

ECh VSM_CAP: VSM Capabilities 0 

FOh VSM_TESTO: VSM Test 0 

F4h—-FFh Reserved 
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16.3.3 Register Posting and Readback 


Most of the fields in most of the registers that control these features are double-buffered and 
posted to the actual controlling hardware with a timing signal, usually VSYNC or VREF. This makes 
it easy to write programs that update a number of registers (for example, the window position reg- 
isters) without worrying about control parameters being partially updated, this is illustrated in 
Figure 16-2. 


When the host reads or writes a register, it is actually accessing the first of a pair of registers. The 
data in the host register is actually transferred to the corresponding controlling register and 
becomes active when it is posted. 


The posting signal is qualified with the ARM bit of the respective CONTROLO or CONTROL1 reg- 
ister. When ARM is ‘1’, the next posting point loads the data from the host register into the control- 
ling register. Since all the registers for the respective block are loaded at same time, the actual 
hardware never sees parameters partially from one set and partially from another. 


Like blocks use a common posting signal. For example, all VSMs connected to the same VV-Port 
use VREF from that V-Port. This is important because it allows the deliberate desynchronization 
of VSM, described in Section 16.4.8, to be correctly initialized. 


When a parameter set is posted, the ARM bit in the respective Control register is forced to ‘0’ (the 
application must set it to ‘1’). The application can use this for synchronization. 


When the host reads a register, it always reads the last value written. If this value has not been 
posted, it is not necessarily the value that is actually controlling the hardware. 





HOST B 
pelts TO HARDWARE 


REGISTER 


HOST REGISTER 
CONTROLLING 


Figure 16-2. Register Posting and Readback 
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16.4 Video Capture 
This section discusses the video capture feature of the CL-GD5465. 
16.4.1. Introduction 


Video capture involves reading the video data (typically from a TV decoder, VCR, or MPEG 
decoder) and storing it into the frame buffer. The data on the pins is typically processed as it is 
being captured; this processing can include decimation, clipping, capture resizing, and format 
conversion. If desired, an interrupt request can be generated after each field or frame is captured. 
In addition, a corresponding video window can be signalled if automatic-double buffering is being 
used. The video captured can still be displayed if auto-double buffering is not enabled. 


16.4.2 PV-Port 


The PV-Port consists of the physical pins and pads, synchronization logic, and perhaps multiplex- 
ing/demultiplexing logic. Each PV-Port is controlled with the respective PV_CONFIG register. 


The PV_CONFIG register is formally described in Chapter 12, “Enhanced V-Port™ Registers”, 
Section 12.2. Perhaps the most fundamental control is PVDir, which specifies whether the respec- 
tive port is an input or output. The PVIntf field specifies the physical port interface type (for exam- 
ple, VGA feature connector or VMI). There are bits that control the clocking details and data width, 
as well as other controls. Table 16-6 shows examples of the programming of key bits for typical 
interfaces. 














Table 16-6. | PV_CONFIG: Typical Programming Examples 
Field Bit(s) sate ig MPEG In | TV-Out 
PVport2XIntfClk 10 
PVClockMode 9 
PVDir 8 0 1 0 
PVintf[3:0] 7:4 0 3 3 




















The PV_STAT register contains a single bit which indicates whether an external device is attached 
to the respective V-Port. This is actually mechanized with configuration resistors. 




















Table 16-7. PV-Port configuration Resitors 
PV-Port | Pin Name | Pin Number Notes 
0 - = Reserved 
1 RD3 103 TV_PRESENT 
2 - - Not implemented 
3 - - Not implemented 
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The PV_CAP register contains fields that indicate the available clocking modes, interface types, 
and directions the port can operate. The least-significant bit of PV_CAP is guaranteed to be valid; 
it indicates whether the PV-Port is implemented. 


NOTE: Changes to the PV_CAP register are expected in later silicon. 


16.4.3 VV-Port 


The VV-Port is logically between the PV-Port and the attached VSM(s). It has two primary func- 
tions: it can count lines and generate a status bit and interrupt request as a specific line is cap- 
tured, and it keeps track of fields when interlaced video is being processed. 


The VV_LN_CNT register keeps a count of the valid lines from the previous trailing edge of VREF. 
Valid lines are counted on the leading edge of HREF after VACT starts the line. Lines without VACT 
are not counted, nor are half lines. In addition, clipped lines are not counted. Only lines that actu- 
ally contain data stored into the frame buffer are counted. VV_LN_CNT is reset to zero on the trail- 
ing edge of VREF. 


The VV_LN_CMP register is compared to the VV_LN_CNT register. When a match occurs, the 
VVportLnCmprStat bit is active for one line. If VVportLnCmplntEn is active, this sets VVportLnint- 
Status, which remains set until VVportLnIntClr is set. If the interrupt pin is enabled, it is active as 
long as VVportLnIntStatus is set. This is shown functionally in Figure 16-3. 


VVPORTLNCMPINTEN VVPORTLNINTCLR 
















VV_LN_CNT 





VVPORTLNINTSTATUS 








COMPARISON 











VVPORTLNCMPRSTAT 





VV_LN_CMP 


Figure 16-3. VV-Port Line Compare Status and Interrupt Request Logic 


A second interrupt source exists in the VV-Port. If VVportVreflntEn is ‘1’, every rising edge of VREF 
sets VVportVreflntStatus until it is cleared with VVportVreflntClr. If the interrupt pin is enabled, it 
is active as long as VVportVrefintStatus is set. 


The VV_CONTROL register contains the interrupt control bits discussed in the previous two para- 
graphs. In addition, the VVportFieldIDInv bit inverts the polarity of the odd/even field decoder. 
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The VV_STATUS register contains realtime VREF and line compare status bits, as well as the 
Field ID status bit. 


16.4.4 Video Stream Manager 


The VSM contains the logic to actually write the captured video into the frame buffer. Clipping, tem- 
poral decimation, and format conversion take place in the VSM. 


16.4.5 Capture Clipping 


Once a VSM has decided to capture a field (see Section 16.4.8), it can either capture the entire 
field or it can clip all four sides of the field and only capture a specific area. Clipping is controlled 
in the four registers listed in Table 16-8. Clipping is available only if the VSMXYClip bit is ‘1’ for the 
respective VSM. 


Table 16-8. Capture Clipping Registers 











Register Name MMIO Offset Description 
VSMHLEFT:VSM Horizontal Left 8X00h Left clipping 
VSMHWIDTH: VSM Horizontal Width 8X02h Right clipping 
VSMVTOP: VSM Vertical Top 8X04h Top clipping 
VSMVHEIGHT: VSM Vertical Height 8X06h Bottom clipping 




















Clipping is shown in Figure 16-4. Entire lines are skipped, beginning with the trailing edge of 
VREF, until the VSMVTOP lines have been skipped. Lines are counted as having been skipped 
on the leading edge of HREF after VACT starts the line. Any half lines at the beginning of a field 
are not included in the count. Any lines without a VACT are not included in the count. Top clipping 
occurs before any vertical scaling. 


After the VSMVTOP lines have been skipped, then pixels can be skipped within the lines that are 
captured. Beginning with the leading edge of VACT, VSMHLEFT pixels are skipped. Horizontal 
clipping occurs after horizontal filtering, but before horizontal scaling and source data format con- 
version. If the source data format is YUV 4:2:2, VSMHLEFT must be programmed to an even value 
to skip pixel pairs. Any RGB source format can be programmed in single pixels. There are restric- 
tions for some devices; see VSMCapHWidthGran and VSMCapHLeftGran in Chapter 12, 
“Enhanced V-Port™ Registers”, Section 12.32 on page 12-44. 


When data capture has begun in a line, VSMHWIDTH pixels are stored. This field is programmed 
in terms of pixels, after horizontal scaling and data format conversion. If the destination format is 
YUV, VSMHWIDTH must be programmed to an even value to store pixel pairs. 


When VSMVHEIGHT lines have been captured, no further data is stored for the field. This count 
is in terms of lines after vertical scaling. 
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Figure 16-4. VSM Clipping 
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16.4.6 


16.4.6. 





Capture Resizing and Filtering 


The data being captured can be expanded (zoom) or compressed (shrink) as it is prepared for 
storage. These two cases are collectively called ‘capture resizing’. The horizontal and vertical 
resizing factors for each buffer are specified separately in VSMHAccumStp and VSMVAccumSip, 
respectively. Horizontal capture resizing is covered in the following paragraphs. Precisely the 
same discussion applies to vertical resizing with the nomenclature substitutions indicated in 
Table 16-9. 


Table 16-9. Capture Resizing Equivalences 






Horizontal Vertical 





Function 





Line 





Display element Pixel 

















Accumulator step VSMHAccumStp VSMVAccumStp 
Shrink available VSMCapxXShrink VSMCapYShrink 
Shrink method VSMCapXShrinkMethod VSMCapYShrinkMethod 











1 Capture Resizing Mechanization 


The CL-GD5465 satisfies the equation: 


: : : SourcePixels 
Dest t P ls = ——————— E tion 16-1 
estinationPixels VSMHAccumSip quation 


lf VSMHAccumSip is less than one, there are more pixels stored into the frame buffer than exist 
in the source stream. Pixels are inserted between ‘real’ pixels. The ratio (and therefore the zoom 
factor) is directly specified in the step value. Conversely, if VSMHAccumStp is greater than one, 
there are fewer pixels stored into the frame buffer than exist in the source stream. The latter is gen- 
erally used for capture. 


The horizontal resizing step (VSMHAccumStp) is a real number, with a radix point between bit 16 
and bit 15. This is illustrated in Figure 16-5. Since this is a real number, there is a fractional part, 
which is required for fractional resizing. At the same time, the radix point is fixed so there is no 
requirement for the shifters and state machines associated with for floating point arithmetic. 


31 2423 16 15 8 7 0 
e RADIX POINT 





Figure 16-5. Accumulator Radix Point 


NOTE: The CL-GD5465 does not support VSMHAccumSip or VSMVAccumSip values less than 1.0 in 
any VSM. That is, it does not support capture zoom. 
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16.4.6.2 Shrink Method 


If VSMCapXShrink is ‘0’, capture shrink is not available and VSMXAccumStp must be pro- 
grammed to 1.0. 


lf VSMCapXShrinkMethod is ‘0’ (and VSMCapXShrink is ‘1’), the VSM performs the shrink using 
the 5480 method. In this method, only the fractional part of VSMXAccumStp need be pro- 
grammed; the integer part is ignored. A value of 0 in the fractional part means that no shrink is 
performed (Dest = Src). For upward compatibility, the value 1.0 results in no capture shrink regard- 
less of VSMCapXShrinkMethod. 


16.4.6.3 Capture Filtering 


Data can be filtered horizontally (but not vertically) as it being captured. This is controlled with 
VSMHFilterCtl. Three-tap and five-tap filtering with fixed coefficients is supported. 


16.4.6.4 Capture Shrink Used with Display Zoom 


Capture shrink can be used in conjunction with display zoom (Section 16.5.4.1) to significantly 
reduce display memory bandwidth requirements. For example, if a capture shrink of 1/2 is applied 
with a subsequent display zoom of 2.0, the result is a display the same size as the original video. 
Since only half of the source video is stored and subsequently recovered for display, the bandwidth 
overhead has been reduced by one half. This is necessarily accompanied by a degradation in dis- 
play quality, which in turn is largely mitigated by interpolation. 


16.4.7 Capture Location: Buffer Start and Pitch 


Each VSM can store data into as many as four buffers. Table 16-10 shows the registers containing 
the buffer start addresses. Not all members of the Laguna family necessarily implement all four 
buffers in all VSMs. The software must interrogate VSMCapBufNum to determine which buffer(s) 
are actually available. 


Table 16-10. VSM Buffer Start Address Registers 











Register Name He Description VSMCapBufNum 
VSMPBSirtAddr 8X10h Primary buffer start address > 0001b 
VSMSBSirtAddr 8X14h Secondary buffer start address = 0010b 
VSMPBUVSitrtAddr 8X18h Primary buffer UV start address =0011b 
VSMSBUVSirtAddr 8X1Ch Secondary buffer UV start address =0100b 























The UV buffers are only used when the destination data format is YUV 4:2:0; they point to the UV 
rectangles. In this case, the primary and secondary start addresses point to the Y rectangle. 


The secondary buffer(s) are used when VSMSaEn is ‘1’ and according to VSMStreamAssoc, as 
discussed in Section 16.4.8. 
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16.4.8 Capture Temporal Decimation and Skip 


Four registers are available to control temporal decimation (the skipping of complete fields or 
frames). Each VSM has its own set of registers to control this. The registers are enumerated in 
Table 16-11. 


Table 16-11. Temporal Decimation and Skip 


: MMIO ge 


VSMTmpSkip 8X34h Fields or frames to skip before capturing data 








VSMTmpDec 8X35h Fields or frames to skip between capturing data 





VSMTmpSkipSW | 8X32h VREFs to skip before generating the display address switch 





VSMTmpDecSw 8X33h | VREFs to skip between generating the display address switch 














In temporal decimation, the respective VSM captures only every nth field or frame. The temporal 
skip is used to allow VSMs to desynchronize with each other by allowing a VSM to skip the first n 
(typically one) fields or frames. The choice between skipping fields and skipping frames is made 
according to the programming of VSMStreamAssoc. 


The temporal decimation skip switch counts VREFs to skip between generating the display 
address switch signal. This allows the respective VSM to command the video window to switch 
display addresses only on every nth VREF. The temporal skip switch is analogous to the temporal 
skip, it allows VSMs to desynchronize with each other. 


The switch counts are separated from the ‘capture’ counts so that the display does not necessarily 
have to switch when capture switches. 


Table 16-12 shows an example of multiple VSMs connected to a common VV-Port; the video 
stream is interlaced. Since the stream is interlaced, each VSM can be associated with odd fields, 
even fields, or both odd and even fields of the stream. This is shown in the second heading row. 
Each VSM has its VSMSaEn turned on so it can use both buffers. Table 16-12 shows which fields 
are captured by each VSM, which buffer is used, and how the data is stored. 


Table 16-12. Temporal Decimation: Example One 

















Field VSM1 VSM2 VSM3 
VSMStreamAssoc 000b: Even 001b: Odd 010b: Both 
Even 1 Primary (progressive) Skip Primary (interleave) 
Odd 1 Skip Primary (progressive) Primary (interleave) 
Even 2 Secondary (progressive) Skip Secondary (interleave) 
Odd 2 Skip Secondary (progressive) | Secondary (interleave) 
Even 3 Primary (progressive) Skip Primary (interleave) 
Odd 3 Skip Primary (progressive) Primary (interleave) 
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Table 16-12. Temporal Decimation: Example One (cont.) 














Field VSM1 VSM2 VSM3 
Even 4 Secondary (progressive) Skip Secondary (interleave) 
Odd 4 Skip Secondary (progressive) | Secondary (interleave) 














Table 16-13 shows another example of multiple VSMs connected to a common VV-Port. In this 
example, temporal decimation is used. The three VSMs are programmed as shown in the three 
heading rows. The table shows which fields are captured by each VSM and which buffer is used. 
In this example, no VSM is programmed to capture both even and odd fields, so all data is stored 
progressively. In the case of fields that are skipped, the reason for skipping is indicated. 


Table 16-13. Temporal Decimation: Example Two 






































Field VSM1 VSM2 VSM3 
VSMStreamAssoc 000b: Even 000b: Even 001b: Odd 
VSMTmpSkip 0 1 0 
VSMTmpDec 1 1 0 
Even 1 Primary Skip (TmpSkp) Skip (even field) 
Odd 1 Skip (odd field) Skip (odd field) Primary 
Even 2 Skip (TmpDec) Primary Skip (even field) 
Odd 2 Skip (odd field) Skip (odd field) Secondary 
Even 3 Secondary Skip (TmpDec) Skip (even field) 
Odd 3 Skip (odd field) Skip (odd field) Primary 
Even 4 Skip (TmpDec) Secondary Skip (even field) 
Odd 4 Skip (odd field) Skip (odd field) Secondary 
Even 5 Primary Skip (TmpDec) Skip (even field) 
Odd 5 Skip (odd field) Skip (odd field) Primary 














This example shows how the TmpSkip register is used to desynchronize VSMs with each other. 
Since the VSMTmpSkip for VSM2 is programmed to ‘1’, it skips the first even field and captures 
the second and even-numbered even fields. VSM1 is just the opposite. It captures the first and 
odd-numbered even fields. All the while, VSM3 is capturing all odd fields. 
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16.4.9 Capture Format and Format Conversion 


Source data can be converted from one format to another as it is being captured. This is controlled 
by the two registers shown in Table 16-14. Values not shown in the table are reserved and must 
not be programmed. Some values are reserved for specific future formats as indicated. 


Table 16-14. Source and Destination Data Formats 





























Value VSMScrDataFrmt | VSMDestDataFrmt 

00h YUV 4:2:2 Available Available 

Oth YUV 4:2:0 Reserved Available VSMCapDestConvert = 01h 
02h YUV 4:4:4 Reserved Reserved 

03h YUV 4:1:1 Reserved Reserved 

04h RGB 5:5:5 Available Available 

05h RGB 5:6:5 Available Available 

06h RGB 8:8:8 Reserved Reserved 

07h RGB a:8:8:8 Reserved Reserved 

09h Y-only Reserved Available VSMCapDestConvert = 01h 

















lf VSMCapDestConvert is ‘0’, no format conversions are available. The data must be stored into 
the frame buffer in the source format. If VSMCapDestConvert is ‘1’, YUV 4:2:2 can be converted 
to YUV 4:2:0, AccuPak, or Y-only. No other format conversions are available. 


16.4.10 Closed Caption and VBI Data Capture Notes 


On the CL-GD5465, VSM2 is typically used for capturing VBI data. VSM2 does not support color 
space conversions or some other capabilities of a fully functional VSM. The specific capabilities 
can be determined by interrogating the respective VSMCAP register. When the vertical capture 
height is zero, no teletext data will be captured. The height must be programmed to one or greater. 


To capture closed caption data, the line to capture is programmed into VSMVHeight. VSMBPitch 
is programmed to zero, so that each line is written to the same location, leaving the closed caption 
line in the buffer. 


To capture VBI data, the count of lines to capture is programmed into VSMVHeight. Vertical top 
clipping of normal video data can be performed with the other VSMs in conjunction with the cap- 
ture of closed caption/VBI data as long as the vertical lines between the two do not overlap in the 
same time domain. 


16.4.11 Auto Smooth Interlace Support 


Smooth interlaced operation assumes an interlaced source stream is being captured by a single 
VSM or multiple VSMs. When the data is displayed in a video window, TV-type interlaced operation 
is emulated by displaying the even field at time T, then the odd field at time T + N on a progressive 
scan monitor, where N is the number of monitor refresh intervals it takes a VSM to capture the odd 
field. Half-line shifting between the two fields is performed by proper seeding of the video window 
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vertical accumulator (VACCUM_SDB). This emulation removes the motion artifacts seen when the 
data is displayed as interleaved even/odd fields. 


There are three methods of using smooth interlace: 

e VSM single-buffer capture (not double buffered) 

e VSM double-buffered capture (non-interleaved memory store) 
e VSM double-buffered capture (interleaved memory store) 


VSM Single-Buffer Capture (not Double Buffered) 
The VSM is configured as shown in Table 16-15, 


Table 16-15. VSM Single Buffer Capture: VSM Configuration 


Field Value Description 





VSMStreamAssoc 100b Capture both fields progressive 




















VSMTmpSkp 0 Start at the beginning 
VSMTmpDec 0 Capture all fields 
VSMSaEn 0 Use only primary address 








Each field captured in the primary buffer overwrites the previous field. Every time a field capture 
is completed, the Field ID of the field just captured is sent to the video pipeline so that the proper 
half-line shift can be performed (the appropriate vertical accumulator seed is selected). Since 
there is no capture double buffering, tearing occurs. This method is used only when there is too 
little frame buffer space to allow double buffering. 


VSM Double-Buffered Capture (Non-Interleaved Memory Store) 


Two VSMs are used in this method. One processes the even fields and the other processes the 
odd fields. The video window used to display this video receives its display address switch signal 
from the VSM whose value is programmed into the respective DB_VSM_ID. This means the win- 
dow alternately displays even and odd fields. Because the fields are double buffered, no tearing 
is observed. 


VSM Double-Buffered Capture (Interleaved Memory Store) 


In this method, one VSM processes both the even and odd fields, storing them interleaved in mem- 
ory (VSMStreamAssoc is 010b). Only the primary address is used. Double buffering is implied 
because while the VSDM is capturing the odd field, the window is displaying the even field and 
vice versa. No tearing is observed. The primary buffer address of the video window points to the 
VSM primary address plus the pitch (it begins with the second scanline). The secondary buffer 
address of the video window points to the VSM primary address. The pitch of the video window is 
twice that of the VSM. This is exactly the same as the non-interleaved memory store case except 
the two buffers are interleaved rather than distinct. 
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16.5 Video Windows 


The CL-GD5465 supports up to eight rectangular areas on the screen, each capable of displaying 
information from an area separate from the background. These areas are called video windows. 
Typically, the information displayed in the window is stored in a different area in the frame buffer 
and in a different color space from the background. Occlusion support allows the information in 
the video stream to be mixed on a pixel-by-pixel basis with the information from the background. 


16.5.1 How many Windows and Capabilities 


Table 16-16 is a summary of the capabilities of each window. The second column indicates the 
corresponding field in the VW_CAP registers. These capabilities are covered in detail in the fol- 


lowing sections. 


Table 16-16. Windows on the CL-GD5465 





CL-GD5465 Technical Reference Manual 






































sis CL-GD5465 
Capability VW_CAP Note Window 0 
Display X Shrink VWCAP_XSHRINK Fixed divide by 2 Yes 
Display Y Shrink VWCAP_YSHRINK CL-GD5480-style Yes 
Display X Zoom VWCAP_XZOOM Interpolated Yes 
: Interpolated 
Display Y Zoom VWCAP_YZOOM (smooth interlace) Yes 
Display Mirror VWCAP_HMIRR Yes 
VWCAP_SD_STRT_ 
Source Data Addresses ADDR NUM 4 
Sain (When another window 
YUV 4:2:0 Display VWCAP_420 is enabled) Yes 
Pitch Granularity VWCAP_PITCH_GRAN ? 
: VWCAP_SD_STRT_ 2 
Source Data Start Granularity ADDR GRAN ? 
VWCAP_VWFIFO_ 
Independent FIFO Threshold THRSH Yes 
Independent Key VWCAP_KEY Color or chroma key Yes 
Independent Format VWCAP_SD_FRMT (Source data format) Yes 
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16.5.2 Position on Screen 


The position on the screen of each video window is independently programmable. The four edges 
of the window are each specified in terms of pixels (independent of pixel size) or scanlines in four 
registers. The register names are shown in Figure 16-6. 


VW_VSTRT 





VW_HSTRT ;—— VW_HEND 














SCREEN 
VW_VEND 


Figure 16-6. Video Window: Position on the Screen 


There are no restrictions on the vertical start or end of any window, except that each window must 
start before it ends (that is, VW_VSTRT < VW_VEND). If VW_VSTRT and VW_VEND are pro- 
grammed to the same value, the window height is one scanline. If VW_VSTRT is programmed to 
zero, the window begins at the first scanline on the screen. If VW_VEND is programmed to the last 
scanline on the screen, then the window extends to the bottom of the screen. VW_VEND must not 
be programmed past the last scanline on the screen. 


With the possible exception described in the following paragraph, there are no restrictions on the 
horizontal start or end of any window, except that the window must start before it ends (that is, 
VW_HSTRT < VW_HEND). If VW_HSTRT and VW_HEND are programmed to the same value, 
the window width is one (or possibly two) pixels. If VW_HSTRT is programmed to zero, the window 
begins at the first pixel on the screen. If VW_HEND is programmed to the last pixel on the screen, 
then the window extends to the right edge of the screen. VW_HEND must not be programmed past 
the last pixel on the screen. 


If the CL-GD5465 is programmed to a display mode that uses clock doubling, VW_HSTRT and 
VW_HEND can be restricted to even pixels, depending on the capability of the respective window. 
This is defined in VWCAP_CLK_MODE_2xX field (VW_CAP[81:29]). 


The registers that control the position of the video window are double buffered and posted to the 
actual hardware with VSYNC (see Section 16.3.3). This makes it possible to move the window by 
programming the four registers without considering partial updates. 
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16.5.3. Video Source Data Size 


Within each scanline within a window (that is, each scanline from VW_VSTRT through 
VW_VEND), data is taken from two areas for display. This is illustrated in Figure 16-7. At the 
beginning of each scanline, pixels are fetched and displayed from the background data source 
until VW_HSTRT pixels have been displayed. Then pixels are fetched and displayed from the win- 
dow data source until VW_HEND pixels have been displayed. This is the window area. If occlusion 
is being used, pixels are fetched from both sources so that either the background or window can 
be displayed. When the window has ended, pixels are fetched and displayed from the background 
data source until the end of the scanline. Note that the window can be programmed to extend to 
either or both edges of the screen. 


In addition to the edges of the window, the hardware must be programmed to fetch the correct 
number of pixels of window data source; if display resizing (either zoom or shrink) is being used, 
this is not the same as the number of pixels in the window. The source size is programmed in 
VW_HSDSZ. 


BACKGROUND DATA SOURCE 

| | WINDOW DATA SOURCE | 
| 

WIDTH sy 


LEFT EDGE RIGHT EDGE 
OF SCREEN OF SCREEN 





VW_HSTRT VS_HEND 


Figure 16-7. Scanlines within a Window 


16.5.4 Display Resizing 


The information for each window can be expanded (zoom) or compressed (shrink) as it is taken 
from the frame buffer and prepared for display. These two cases are collectively called ‘display 
resizing’. The horizontal and vertical resizing factors for each window are specified separately in 
VW_HACCUM_STP and VW_VACCUM_STP., respectively. Horizontal resizing is discussed in the 
following paragraphs. Precisely the same discussion applies to vertical resizing with the nomen- 
clature substitutions indicated in Table 16-17. 


Table 16-17. Display Resizing Equivalences 


Function Horizontal Vertical 


Display element Pixel Scanline 





Accumulator seed VW_HACCUM_SD VW_VACCUM_SD 





Accumulator step VW_HACCUM_STP VW_VACCUM_STP 





Window start VW_HSTRT VW_VSTRT 

















Window end VW_HEND VW_VEND 








The CL-GD5465 always uses interpolation for display resizing (both horizontal and vertical). The 
color value for each ‘in-between’ pixel is calculated by taking a weighted average of the two adja- 
cent ‘real’ pixels. 
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16.5.4.1. Mechanization 
The CL-GD5465 satisfies the equation: 


j SourcePixels 
Di P = E ion 16-2 
isplayPixels HACCUMSTP quation 


If HACCUM_STP is less than zero, there are more pixels displayed on the screen than exist in the 
frame buffer. Pixels are inserted between ‘real’ pixels. The ratio (and therefore the zoom factor) is 
directly specified in the step value. Conversely, if HACCUM_STP is greater than zero, there are 
fewer pixels displayed on the screen than exist in the frame buffer. Display resizing occurs as the 
data is being taken from the frame buffer and put on the screen. It does not change the data in the 
frame buffer in any manner, only what appears on the screen. 


The horizontal resizing factor in VW_HACCUM_STP is a real number, with a radix point between 
bit 16 and bit 15. This is illustrated in Figure 16-5. Since this is a real number, there is a fractional 
part, which is required for fractional zooming. At the same time, the radix point is fixed so there is 
no requirement for the shifters necessary for floating point arithmetic. 


The initial value in the accumulator is programmed into HACCUM_SD. This provides for an adjust- 
ment in the weighting coefficients. 


NOTE: The CL-GD5465 does not support HACCUM_STP or VACCUM_STP values greater than 1.0 in 
any window. That is, it does not support display shrink except as discussed in Section 16.5.4.3. 
Further, interpolation coefficients are chosen so that a zoom of greater than 4x does not benefit 
from further interpolation. 


16.5.4.2 Interpolation 


The color values for the ‘in-between’ pixels are chosen by looking at the color values of the two 
adjacent ‘real’ pixels. A weighted average is taken in which the interpolation coefficients are cho- 
sen by the two most significant bits of the fractional part of the accumulator. If the pixel is closer 
to pixel n than to pixel n+7, then pixel n contributes more of its color than pixel n+7. 


16.5.4.3 Shrink 


The CL-GD5465 is an example that some Laguna family members that do not directly support 
step values greater than 1.0, still support a display shrink. 


If VWCAP_XSHRINK is ‘1’ and VWCapXShrinkMethod is ‘0’, the device can perform a 1/2 filtered 
horizontal shrink. This is enabled by programming VWXShrinkBy2 to ‘1’. This is a fixed 1/2 shrink 
that is applied prior to any zooming specified in VW_HACCUM_STP. Shrink by 2 can be combined 
with zoom to perform a shrink of between 1/2 and 1. 


If VWCAP_YSHRINK is ‘1’ and VWCapYShrinkMethod is ‘0’, the device can perform a vertical 
shrink rather than vertical zoom. This is enabled by programming VWYShrinkEn to ‘1’. 


16.5.5 Video Source 


Figure 16-8 shows data taken from two separate areas of display memory being displayed on the 
screen. In this example, the graphics data occupies most of the screen. This is sometimes called 
the background. Typically, but not always, this data is generated locally by a computer program 
(software application), and is called graphics. 
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In this example, there is a single smaller region, a window. Typically, but not always, this data 
comes from sources such as a TV decoder or MPEG decoder, and is called video. 


GRAPHICS 





VIDEO 











DISPLAY MEMORY 


SCREEN 


Figure 16-8. Data on the Screen 


There are four registers that specify the address of the video source data listed in Table 16-18. 


Table 16-18. Video Source Data Registers 


MMIO Offset 





Description 


Primary source 









Note 


Y source for YUV 4:2:0 











Secondary source 8x24 
Primary source UV 8X28 

UV source for YUV 4:2:0 only 
Secondary source UV 8X2C 














The primary and secondary registers are selected according to DB_CTL and SMTH_INT, as 


shown in Table 16-19. 


Table 16-19. Selection of Primary and Secondary Source Registers 























DB_CTL | SMTH_INT See sete Note 
00 0 All fields Not used = 
01 0 Not used All fields - 
10 0 Alternate fields Auto-switch on V-Port VREF 
11 0 Alternate fields Auto-switch on BitBLT complete 
XX 1 Even fields Odd fields Smooth interlace 














The UV source registers are used only when the video source data format is YUV 4:2:0. In this 
case, they point to the UV (chrominance) rectangle(s) and the ‘other’ registers point to the Y (lumi- 


nance) rectangle(s). 
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16.5.6 Occlusion 


The video in the window can be mixed with the graphics that the window replaces on a pixel-by- 
pixel basis. This is called occlusion. It is controlled with the OCCLUDE field, as shown in 
Table 16-20. 


Table 16-20. OCCLUDE Field 























OCCLUDE [1:0] | Description Note Also Called 
00b No Occlusion | Video data always displayed - 
Display video pixel when key matches : 
O1ib Color key graphics pixel Source keying 
Display graphics pixel when key matches Bata : 
10b Chroma key video pixel Destination keying 
11b Reserved Do not use - 








The color and chroma keys are in four registers, listed in Table 16-21. 








Table 16-21. Color Key and Chroma Key Registers 
Name Description MMIO Offset OCCLUDE [1:0] 
VW_CLRKEY_MIN Color key minimum 8X44h 01b 
VW_CLRKEY_MAX Color key maximum 8X48h O1b 
VW_CHRMKEY_MIN Chroma key minimum 8X4Ch 10b 
VW_CHRMKEY_MAX | Chroma key maximum 8X50h 10b 























When the OCCLUDE field is ‘00b’, occlusion is disabled and the video data is displayed every- 
where in the window. 


When the OCCLUDE field is ‘01b’, each graphics pixel is compared to the color key registers. If it 
is in the range CLRKEY_MIN < pixel < CLRKEY_MAX, the corresponding video pixel is displayed. 
This is sometimes called destination color keying. The actual bits that are compared depend on 
the graphics data format and ALPHA_KEYCMP_EN, as shown in Table 16-22. 


Table 16-22. Color Key Matching 




















Graphics Data Format Keven Eh Note 

8-bpp graphics X : - 

16-bpp 5:5:5 graphics 15:0 Red is MSB, Blue is LSB 
16-bpp 5:5:5 graphics 15 Single bit compare 
16-bpp 5:6:6 graphics 15:0 Red is MSB, Blue is LSB 
24-bpp 8:8:8 graphics 23:0 23:16 is Red, 15:8 is Green, 





7:0 is Blue 
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Table 16-22. Color Key Matching (cont.) 


: ALPHA _ : 
Graphics Data Format KEYCMP EN Bits Compared Note 


ap: ‘ ; 23:16 is Red, 15:8 is Green, 
32-bpp a:8:8:8 graphics 0 23:0 7:0 is Blue 














32-bpp a:8:8:8 graphics 1 31:24 Alpha 











To match on a single color, program VW_CLRKEY_MIN and VW_CLRKEY_MAX to the same 
value (corresponding to the single color). In the compare, the bits corresponding to the red color 
value are more significant than those corresponding to the green value. In turn, the bits corre- 
sponding to the green color value are more significant than those corresponding to the blue value. 
To ignore the more significant colors, program the MIN and MAX fields to the minimum and max- 
imum possible values, allowing the comparison to be made with less-significant bits. For example, 
for 24-bpp graphics, to match on any value of Blue from 10h to 17h inclusive, program 
VW_CLRKEY_MIN to XX000010h and VW_CLRKEY_MAX to XXFFFF17h. 


There are two cases where alpha channel matching can be used. If ALPHA_KEYCMP_EN is ‘1’ 
for 16-bpp 5:5:5 graphics, bit 15 of the graphics pixel is compared to bit 15 of the key registers (the 
key registers should be the same). If it matches, the pixel are replaced. If ALPHA _LKEYCMP_EN 
is ‘1’ for 32-bpp a:8:8:8 graphics, the most-significant byte of each pixel is compared to the most- 
significant bytes of the key registers. If it falls within the range, the pixel are replaced. 


lf OCCLUDE is ‘10b’, each video pixel is compared to the chroma key registers. If it is in the range 
VW_CHRMKEY_MIN < pixel < VW_CHRMKEY_MAX, it is replaced with the corresponding graph- 
ics pixel. This is sometimes called source color keying. 


The chroma key comparison is made after the pixel is expanded to 24 bits, but before it is con- 
verted to RGB. Based on ALPHA_KEYCMP_EN, the chroma key is compared to the pixel as 
shown in Table 16-23. 


Table 16-23. Chroma Key Matching 











Chroma Key Bits | ALPHA_KEYCMP_EN = ‘0’ | ALPHA_KEYCMP_EN = ‘1’ 
31:24 Ignored Alpha 
23:16 Y/R Ignored 
15:8 U/G Ignored 
7:0 V/B Ignored 

















16.5.7 Capabilities and Controls 


Two registers contain bits and fields that specify the capabilities of the respective window. Two reg- 
isters contain the control bits and fields for the window. The controls are covered in the following 
sections with references to the corresponding capabilities fields. 


VWByPassClirSpc: When this bit is ‘1’, the color space converter (YUV-to-RGB) is bypassed for 
all source data formats, including YUV. 
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VWYShrinkEn: When this bit is ‘1’, the VACCUM_STP fraction is used to perform a continuous 
vertical shrink (display resizing). This method is available if VWCAP_YSHRINK is ‘1’ and 
VWCapYShrinkMethod is ‘0’. 


VWXShrinkBy2: When this bit is ‘1’, the respective window uses filtered horizontal shrink by 1/2. 
This method is available if VWCAP_XSHRINK is ‘1’ and VWCapXShrinkMethod is ‘0’. This shrink 
is applied prior to any horizontal zoom and can be used in combination with horizontal zoom to 
effect an arbitrary horizontal shrink. 


VWCLKMode2x: When this bit is ‘1’, clock doubling is enabled. This bit must be set to obtain pixel 
rates greater than indicated in VWCAP_CLK_MODE_ 2x. This has the side effect of horizontal 
replication in the video window. In addition, VW_HSTRT and VW_HEND must both be multiples 
of two graphics pixels. 


VWFIFO_THRSH_EN: When this bit is ‘1’, the alternate video window FIFO threshold 
(VW_FIFO_THRSH) is enabled. The FIFO is where pixels are stored after they have been recov- 
ered from the frame buffer until they are displayed. The FIFO threshold is a measure of how ‘full’ 
the FIFO must remain before it is refilled. 


Now, when the memory is being used to refill the FIFO, it cannot be used for accesses requested 
by the CPU or graphics accelerators. In addition, there is overhead when the memory is being 
switched between tasks. Because of this overhead, the best efficiency is obtained when the fewest 
possible switches take place; this is obtained when the bursts of accesses are as long as possible 
(longer bursts result in fewer switches). For this reason, it is best to program the threshold to allow 
the FIFO to become as empty as possible before it is refilled. 


The minimum ‘safe’ depth for the FIFO depends on a number of things, including the pixel depth. 
For a window using two-bytes per pixel, the FIFO can become more empty than for a window using 
four-bytes per pixel. This is why each window potentially has its own threshold. 


Automatic Capture and Display Double Buffering 


To perform automatic capture and display double buffering, a video window and two buffers must 
be enabled. The capture buffers can be connected to a single VSM, but this is not necessary. For 
example, the VSMO primary buffer and VSM2 primary buffer could be used, or the VSMO primary 
and secondary buffers could be used. 


The switch control generated from the VSM display address switch logic (VSMTmpSkipSw and 
VSMTmpDecSw) is used by the video window logic to toggle the video window display from 
between its primary and secondary display start addresses. The video window is programmed to 
use the switch signal of a specific VSM using DB_VSM_ID. 


Figure 16-9 illustrates automatic double buffering. In this example, the address switch for the video 
window display and the capture buffers occur at the same instant. VSMTmpSkipSw is pro- 
grammed the same way as VSMTmpSkip, and VSMTmpDecSw is programmed the same way as 
VSMTmpDec. 


In this example, both buffers of a single VSM are used. The addresses are programmed as shown 
in Table 16-24. They are opposites of each other. The video window always displays the complete 
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captured data since both the video window and VSM address switch are controlled by the VSM, 
and the start addresses are opposites. 


Table 16-24. Automatic Double Buffering 


Memory Location | VSM Buffer | Video Window Buffer 


A Primary Secondary 





B Secondary Primary 




















When the address switch occurs, it is automatic for both the VSM and video window. However, the 
new video window address is selected at the top of the window and the new capture buffer address 
is selected at the trailing edge of VREF. This yields the three cases shown in Figure 16-9. 


VSYNC 


Ud 
WINDOW | | | | | | | | 









CAPTURE: A 


DISPLAY: B 










































































A A 

TOW: B A 
VSYNC B A B A 
CASE: ONE Two THREE 


Figure 16-9. Automatic Double Buffering 


In case one, a new capture field (or frame) begins after VSYNC, but before the window begins. 
The video window displays from buffer A while the VSM fills buffer B. No tearing occurs. This case 
illustrates why it is important that the video window address be selected at the top of the window 
rather than VSYNC. If the video window address were selected at VSYNC, it would be displaying 
from the same buffer (buffer A) as the VSM is filling and tearing could occur. 


In case two, a new capture field (or frame) begins during the video window. The video window dis- 
plays from buffer A, while the VSM fills buffer B and then begins to fill buffer A. No tearing occurs, 
even though both the window and VSM operate with buffer A. This is because the display refresh 
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rate is faster than the video rate. The window is further into the buffer than the VSM and continues 
to get even further ahead. 


In case three, a new capture field (or frame) after the video window (that is, between the end of 
the window and the next VSYNC). In this case, the VSM fills buffer B while the video window uses 
buffer A. No tearing occurs. 


Double Buffering with Temporal Decimation 


The display address switch is generated from the respective VSM VSMTmpDecSw. This begins 
after any temporal skipping for the switch, as programmed into VSMTmpSkipSw. Consider the 
case where alternate fields (or frames) are being captured. VSMtmpDec is programmed to ‘001b’ 
and VSMStreamAssoc is programmed to ‘100b’. The DB_VSM_ID field of the video window is pro- 
grammed to receive the display address switch signal from the appropriate VSM. Table 16-25 
shows which frames (or fields) are captured into which buffers, and when the display address 
switch signals are generated. 


Table 16-25. Display Address Switch Generation and Capture Alternate Fields 
































Frame Primary Buffer | Secondary Buffer | Address Switch 
1 Capture Skip 
2 Skip Skip Generate 
3 Capture Skip 
4 Skip Skip Generate 
5 Capture Skip 
6 Skip Skip Generate 
7 Capture Skip 
8 Skip Skip Generate 
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RESIZE, TRANSLATE, AND FORMAT CONVERSION 


RESIZE, TRANSLATE, AND FORMAT CONVERSION 


This chapter describes how the CL-GD5465 accelerator accomplishes the resize, translate, and 
format conversion functions. Sample programs are in the directory 5465Code/Resize. Information 
regarding the CL-GD5464 and CL-GD5462 is included for the sake of completeness. 


CL-GD546X Operation 


The resize engine of the CL-GD5465 is backwards compatible with the CL-GD5464/’62 engine in 
basic operation. The most important difference is in support for video formats through the display 
pipeline. The CL-GD5464/62 utilizes a mixed-format frame buffer with data formats flagged using 
the Rambus ninth bit. The CL-GD5465 utilizes a mixed-format frame buffer with an overlay archi- 
tecture, as well as supporting a common-format frame buffer with color conversion support. 


Table 17-1 summarizes the differences between the three accelerators. 


Table 17-1. CL-GD546X Operation Differences 


















































Feature CL-GD5462 CL-GD5464 CL-GD5465 

LNCNTL resize Yes Yes Yes 
9th bit support Yes Yes No 
Video capture (V-port) Yes (erratum) Yes (erratum) Yes 
Overlay support No No Yes 
STRETCH_CNTL resize No Yes Yes 
Format conversion No Yes (limited) Yes 
Translation No No Yes 
9th bit gamma correction Yes Yes No 
Luminance enhancement No No Yes 
Chroma keying/alpha output No Yes Yes 
Clipping during resize No No Yes 
Mono mask transparency resize Yes (128 wide) Yes (128 wide) No 
Mirroring No No Yes 
AutoBit tables:size in dwords 14 17 19 








17.2 Resize BitBLTs 
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All three members of the CL-GD546X family support arbitrary ratio resize operations indepen- 
dently in both axes. They also support pixel replication or quarter phase interpolation indepen- 
dently in both axes. The resize operations are either stretches or shrinks, or a mixture of a stretch 
in one axis with a shrink in another. The resize engine can deal with data in a number of different 
formats that are applicable to either video or graphics. 
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The core of the resize engine is a pair of DDA engines that operate in the X and Y axes. Concep- 
tually, it is easiest to think of the Y DDA engine fetching a scanline of data and then calling the X 
DDA engine, which stretches it horizontally to the required width after which the Y DDA engine 
then steps the output to the next scanline. It either fetches a new scanline of data or repeats the 
old scanline as required and continues. 


To program a resize BitBLT, a number of parameters must be calculated and loaded into the appro- 
priate 2D Engine Control registers. The calculations are the same for both the manually-com- 
manded resize BitBLT and the auto-triggered resize BitBLT. 


17.2.1 


Required Parameters 


The following parameters are required to program a resize BitBLT: 


1) 
2) 


3) 


4) 


5) 


6) 


7) 


Destination address in X and Y pixel coordinates in the frame buffer. This is loaded into 
OPO_opRDRAM. 


Source address in X and Y pixel coordinates are generally off-screen in the frame buffer. This is loaded 
into OP1_opRDRAM. 


Data format (such as 8-bpp CLUT RGB 5:6:5 YUV 4:2:2, and so on) is loaded into 
STRETCH_CNTL[15:8]. The codes are given in Table 17-2. The X,Y shrink enable and interpolation 
enable bits must also be set in STRETCH_CNTL. 


Source extent in pixels and bytes; the source X extent, in bytes, is loaded into SRCX. The source extent, 
in pixels in X and Y, calculates the DDA parameters along with the destination extents. 


Data source type and destination ROPs are required for all 2D operations. The only one supported is 
SRCCOPY: RDRAM-to-RDRAM. It is DRAWDEF = 00CCh; BLTDEF = 1210h. 


When shrinking, SHRINKINC must be set. This points to the next line per pixel for a minor step. For all 
shrinks below 2:1, the value is ‘1’. The Y value is always ‘n’ based (‘1’ for a 2:1 shrink). X is ‘n—1’ when 
interpolation is enabled (‘0’ for a 2:1 shrink) or is ‘n’ when interpolation is disabled. The X SHRINKINC 
field is byte converted. 


The destination extent, in pixels, is loaded into BLTEXTR_EX or MBLTEXTR_EX last to trigger the Bit- 
BLT. 


The data formats for STRETCH_CNTL[15:12, 11:8], and LNCNTL[6:4] are listed in Table 17-2. 


Table 17-2. Data Formats for STRETCH_CNTL and LNCNTL 


Data Type STRETCH_CNTL Value | LNCNTL Value 
































8-bpp CLUT RGB 3:3:2 0 0 
RGB 1:5:5:5 1 1 

RGB 5:6:5 2 2 
RGB 8:8:8 3 5 
RGB a:8:8:8 4 4 
4-bpp Lookup Source (SRC field only) 5 na 
8-bpp Lookup Source (SRC field only) 6 na 
Reserved 7 na 
AccuPak © (YUV 4:1:1, compressed) 8 6 
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Data Type STRETCH_CNTL Value | LNCNTL Value 


Table 17-2. Data Formats for STRETCH_CNTL and LNCNTL (cont.) 





YUV 4:2:2 3 





VYU 4:4:4 na 





Reserved na 





Reserved na 


Reserved na 





Reserved na 





nm} m|]OoO!1QO|] WwW] +>] o 


Reserved na 




















When STRETCH_CNTL:SRC == STRETCH_CNTL:DST or when programmed in LNCNTL, the 
engine performs resize operations. 


If STRETCH_CNTL:SRC != STRETCH_CNTL:DST, then the engine will perform reformatting of 
pixel data in addition to resizing. 


If STRETCH_CNTL:SRC is 5 or 6, then LUT translation is performed from the OP2 SRAM. 


NOTE: _ If the destination type is 0 and the SRC type is not 0, 5, or 6, then the destination will be RGB 
3:3:2 format. As the RAMDAC does not support RGB 3:3:2 as an input type, a second pass to 
perform LUT translation into the current palette index values may be required before the data can 
be displayed. 


To calculate the DDA parameters for a given axis, it is necessary to know if the operation is a 
stretch or a shrink and if interpolation/averaging is required for this axis. The interpolation control 
for each axis is written to the LNCNTL register, as is the bit that indicates to the DDA if the oper- 
ation is a shrink or a stretch. The code fragments in 5465code/Resize/stretch.c show the calcula- 
tions to determine the register settings for stretches and shrinks. 


Format Conversion Resize BitBLTs 


The resize BitBLT engine of the CL-GD5465 can output data in a different format from the input. 
To do this, the engine must be programmed using STRETCH_CNTL rather than LNCNTL. 


STRETCH_CNTL duplicates all features of LNCNTL, except the 3-bit-wide-format field. This has 
been replaced with two fields, each 4-bits wide: one for source format and the second for destina- 
tion format. By using these fields, it is possible to convert any input RGB data type to any other 
RGB data type for output. It is also possible to convert any of the YUV input types to any YUV or 
RGB output types. The engine does not support conversion of RGB data to YUV data. It is not pos- 
sible to convert 8-bpp CLUT (palletized) data to any other type or to convert any RGB or YUV for- 
mat to 8-bpp CLUT data and derive meaningful results. Similarly, enabling interpolation/averaging 
on 8-bpp data only results in a meaningful image if the data is grayscale. 


The RDRAM pointers for the source and destination are best written by OP{0|1}_ oo MRDRAM 
after they are converted into byte addresses. This is because the normal RDRAM pointers are 
byte-converted using the frame buffer depth, which may not match either format. 
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Similarly, MBLTEXTR_EX should be used in place of BLTEXTR_EX with the X portion of the 
extent-converted into bytes according to the number of bytes-per-pixel of the destination type. 
When calculating stretch-shrink ratios and the associated MAJ/MIN/ACCUM values, perform the 
calculations using the pixel extents of the source and destination. 


SRCX must be programmed normally, with the byte extent of the source data. 


The example code in 5465Code/Resize/convert1.c shows the register programming for stretching 
an off-screen 352 x 240, YUV 4:4:4 image to an on-screen, RGB 5:6:5 image. For proper opera- 
tion, aminimum of a 1280-byte memory pitch is required because the source image buffer is 1056- 
bytes wide. 


Chroma-Key Programming for Resize BitBLTs 


The chroma-key function supports source color key and source color key space functions in 
Microsoft DirectDraw and DirectVideo. The resize engine includes a flexible chroma-key compar- 
ator that operates on the data flowing through the engine to determine, on a per-pixel basis, the 
destination where pixels are overwritten. In addition, if the output format has an alpha field, the 
comparator selects which of two possible alpha values will fill the output pixel. For register specific 
information, see Chapter 9. 


The chroma-key comparator is controlled by CHROMA_CNTL. The comparator has two stages. 
The results of the primary stage can be used alone or be combined with the secondary stage 
using either an AND or OR operation. 


The primary stage has three comparators that operate individually on the three 8-bit channels of 
the resize engine. Each comparator channel can be individually enabled. When the channel is 
enabled, the data it contains is compared against the corresponding data in CHROMA_LOWER 
and CHROMA_UPPER. The comparator generates a true result: 


e lf the data falls between the lower and upper bounds contained in CHROMA_LOWER and 
CHROMA_UPPER and if the _1O_ bit for the comparator is ‘1’. 


e lf the _IO_ bit is ‘0’ and the data falls outside the range defined. 


Otherwise the comparator returns a false result. The data comparison range is inclusive of the 
endpoints. The results of enabled comparators is combined using either an AND operation — if 
CHROMA_CNTL{9] is ‘0’— or an OR operation if this bit is set to ‘1’. 


The data in the channel is normalized so that the MSB of each unpacked RGB or YUV field is in 
bit 7 of the comparator channel. That is, if the input type is RGB 5:6:5, bits 7:3 of the red channel 
contain the red data from bits 15:11 of the input word; bits 2:0 of the red channel are ‘000’. Simi- 
larly, bits 7:2 of the green channel contain bits 10:5 of the input data, and bits 7:3 of the blue chan- 
nel contain bits 4:0 of the input, with the unused bits set to ‘0’. All YUV inputs have Y in the red 
channel, U in the green channel, and V in the blue channel. 


The following code example is for ‘blue screen’ chroma keying. In this example, only pixels in the 
source that are not equal to a background of intense blue are written. Pixels are written if either 
red or green are between 24 and 255, or if blue is between 0 and 224. Note these values are the 
same for any RGB data source format. 


CHROMA_CNTL 8277h 
CHROMA_LOWER 00181800h 
CHROMA_UPPER OOFFFFEOh 
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The secondary stage is a single, 8-bit comparator that takes its data from any of the three data 
channels. The channel is selected by CHROMA_CNTL[11:10]. The secondary data source is 
compared against CHROMA_LOWER|[31:24] and CHROMA_UPPER[31:24]. 


The comparator can be switched from using the data unpacked from the frame buffer to using the 
unpacked data after conversion from YUV to RGB. Selecting the data source is controlled by set- 
ting CHROMA_CNTL[14] to ‘0’ for the original data, or ‘1’ to select the data after conversion. 


NOTE: Setting CHROMA_CNTL[14] to ‘1’ on non-YUV data generates meaningless results. 


The previous programming example changes as shown below, if the data source format is YUV. 
Note that the comparison ranges are the same as before. 


CHROMA_CNTL Caria 
CHROMA_LOWER 00181800h 
CHROMA_UPPER OOFFFFEOh 








When the engine is only processing 8-bpp CLUT data, channel 0 (blue) contains ‘good data’; 
therefore only the blue channel is enabled. 


When the engine is outputting data that includes an alpha-channel field (such as RGB a:8:8:8) the 
source of the alpha-channel data is OP_opFGCOLOR[31:24] during regular chroma-key opera- 
tions. This field is also normalized, for example in RGB 1:5:5:5 mode, OP_opFGCOLOR[31] fills 
the alpha channel. 


Alpha-channel data can only be written by the engine. It does not pass through the engine. 


The resize engine can be used in conjunction with the chroma-key function to set the alpha-chan- 
nel data of the output image to one of two different values, depending on the results of the chroma 
comparator. Program the comparator for the comparison values, but set CHROMA_CNTL[15] to 
‘0’. This allows separating an image into two regions of different alpha values for further process- 
ing within the 3D engine. 


If CHROMA_CNTL[15] is set to ‘0’, but CHROMA_CNTL[12] is set to ‘1’, the engine then uses 
OP_opFGCOLOR[23:16] to supply the alpha-channel value for those pixels that were written dur- 
ing regular operations, and OP_opFGCOLOR|31:24] for those pixels that were transparent (not 
written) during regular operation. If both bits are set to ‘0’, then OP_opFGCOLOR[31 :24] is used 
for all output pixels processed by the resize engine. 


Translate Operations 


The CL-GD5465 has the ability to perform pixel replacement through a LUT for 4- and 8-bpp 
source types. This operation is performed by the resize engine using a LUT loaded into SRAM2. 
For 4-bpp sources the SRC type field of STRETCH_CNTL is set to 5 and the first 16 dwords of 
SRAM2 are loaded with the replacement data values. If 8-bpp sources are being translated all 256 
dwords of SRAM2 must be loaded prior to the operation, and the SRC type field is set to 6. 


The format of the dword entries in the SRAM is dependent upon the destination type field. 
Windows 95 compatible formats are selected by setting STRETCH _CNTL[5] to ‘1’. A Windows NT- 
compatible format is standard for 16-bpp destination types. 


For 8-bpp output only byte 0 is used as a simple substitution value. For all other destination types, 
apart from NT mode in 16-bpp, bytes 0, 1, and 2 are used for the replacement blue, green and red 
values respectively. These replacement values are normalized such that the MSB of the replace- 
ment field is in bit 7 of the byte. This allows the same LUT format to be used for RGB 5:6:5, RGB 
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1:5:5:5 and 24/32-bit results. It is also the same format used for loading the palette. For NT mode, 
16-bpp operations are signalled by setting STRETCH_CNTL[5] to ‘0’, the lower 16 bits of the 
dword entry are set to the 16-bit packed value found in the frame buffer. 


NOTE: | This value will be expanded into the same internal format as it passes trough the resize engine. 


Table 17-3. SRAM Data Formats for Translate Operations 

















Byte Lane 3 2 1 0 
Dst Type 0 XXXXXXXX XXXXXXXXX XXXXXXXX TIUUIIT 
Dst Type 1 XXXXXXXX RRRRRxxx GGGGGGxx BBBBBxxx 
Dst Type 2 XXXXXXXX RRRRRxxx GGGGGxxx BBBBBxxx 
Dst Type 3/4 XXXXXXXX RRRRRRRR GGGGGGGG BBBBBBBB 
NT mode 565 XXXXXXXX XXXXXXXX RRRRRGGG GGGBBBBB 


























xX = unused bits. 
R, G, B = Red, Green, Blue. 
| = Index replacement value. 


The example code in 5465Code/Resize/xlate4.scn shows how a 4-bpp bitmap is expanded into 
an RGB 5:6:5 bitmap using the Windows 95 mode table. 


Mirroring Operations 


The resize engine of the CL-GD5465 has the ability to swap an image left for right, as though 
reflected in a mirror. This operation is principally intended for videoconferencing where it is used 
to echo the local camera image on a screen or in a window (so that the people on the left side of 
the room see themselves on the left side of the image and the people on the right side see them- 
selves on the right side of the image). This operation is available at all pixel depths for rectangular 
source areas up to 128- or 256-bytes wide which start on a qword and valid pixel boundary. Larger 
image sizes need to be broken into 128 or 256 bytes (or smaller) wide strips. For 24-bpp packed 
images or YUV 4:4:4, set the fetch size to 256 in CONTROL ([5] = 1) and use 192-byte wide strips 
to ensure that both criteria are met. This feature is enabled by setting STRETCH_CNTL[4] to ‘1’. 
Images can be resized while they are being mirrored provided that the source strips are valid 
sizes. 


Luminance Enhancement for YUV-to-RGB Resize BitBLTs 


The resize engine includes a luminance-enhancement feature for use with YUV source data types. 
The purpose of this is to increase or decrease the brightness of image data as it is being converted 
from the YUV-to-RGB color spaces. This feature is enabled by programming a non-zero signed 
8-bit integer into LUMINANCE_ENH before performing a resize operation with YUV source data. 
This register has no effect if the data is not being converted to RGB format. 


NOTE: When performing chroma key operations that specify keying on data prior to conversion, the test 


on the Y channel data is prior to the addition of the LUMINANCE_ENH. 
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18. SYSTEM OPERATION 


18.1 System Control and Initialization 


The unique aspects of system initialization for the CL-GD5465 are discussed in this chapter. In 
particular, the programmer needs to be aware of the requirements of Rambus memory system ini- 
tialization, initialization of the 2D graphics accelerator, and frame buffer memory initialization. 
Example software, developed for use in the BIOS and display driver modules is presented in the 
5465Code/System/ directory as an aid to the programmer. 


18.1.1 Rambus® Initialization 


The programmer must initialize the Rambus RDRAMs before using them. The initialization 
process entails initializing the RIF Control, the RAC Control, and some of the Rambus RDRAM 
device registers. The Device ID register is the one of most interest. The Device ID register allows 
the programmer to assign a unique address that determines the address range that it decodes. 
The Rambus RDRAM initialization procedure is as follows: 


1) Reset the Rambus using the RAC Control register, EXTBE. 
2) Initialize the RIF Control register. 

3) Broadcast the default values for Mode, DevicelD, and Delay. 
4) Set the RIF initialization bit, due to delay timing changes. 


5) Make changes for each device; assign a unique ID, enable the device <Mode Register Device Enable>, 
check that the device is enabled < if not exit loop>, and read the DeviceType determining its size. 


6) Set the RIF Control register to enable refresh and the number of banks (one was determined in Step 5). 
7) For each DRAM, perform the current calibration algorithm. 


The sample code in 5465Code/System/rambus illustrates how to initialize the Rambus. 
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18.1.2 Frame Buffer 


The CL-GD5465 has a frame buffer with both SVGA and linear apertures. The linear aperture is 
always visible. The programmer can write and read the physical address of the linear frame buffer 
aperture by the BASE_ADDRESS_0 register, in either MMIO space 310h or PCI space at offset 
10h. In a PCI system, this task is typically allocated to the PCI system BIOS. Table 18-1 indicates 
the programming of SR7[0] and EXT_DISP. 


Table 18-1. Frame Buffer Access 








Function SR7[0] EXT_DISP 
VGA 0 0 
SVGA 1 0 
Ext display 0 1 




















18.1.3. 2D Engine Programmable Registers 


The 2D engine and video pipeline are programmed in certain register fields. Table 18-2 lists the 
register fields and their locations. 


Table 18-2. 2D Engine Programmable Register Fields 





Fields Registers 

Bits-per-pixel Format, Control 

Interleave Display Threshold and Tiling, TileCtrl, Tiling_Control 
Pixel Format Format 





Tile versus Linear Memory Addressing Display Threshold, Tiling Control 




















Tile Size Display Threshold, Tiling Control 
Tiles-per-line Display Threshold, Tiling, Tiling_Control 
Threshold Display Threshold 








To program the registers in Table 18-2, follow the procedure below: 


1) Choose the bits-per-pixel (8, 16, 24, or 32). Program into the CONTROL.BPP and FOR- 
MAT.Pixel_Depth register fields. Also, choose a pixel format (typical values are 8 bpp for palletized, and 
16, 24, and 32 bpp for RGB). These values are programmed into the FORMAT.Pixel_ Format. 


2) Choose a set of screen extents (dX and dY). 
3) Multiply the dX, X extent by the number of bytes-per-pixel to get the number of bytes-per-scanline. 


4) Choose a value from the Minimum Available Pitch (in bytes) column from Table 18-3, that is greater than 
or equal to the number of bytes-per-line calculated. Optimal pitches are given in Table 18-3. If a chosen 
value is equal, all of the off-screen memory is in one contiguous rectangle at the bottom of the screen. 
This simplifies off-screen memory management. 
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Table 18-3. CL-GD5465 Display Resolutions 


















































Screen Size, bpp and Pitch Memory Size and Pitch aa Sa 
MIN 
oe ay BPP mete a eee ‘iis siisine isis ieee MOY) OE || ENE | Re 
(in bytes) 

640 480 16 1280 128 1280 

640 480 24 2048 256 2048 

640 480 32 2560 256 2560 

800 600 8 1024 128 1024 

800 600 16 1664 128 1664 

800 600 24 2560 256 2560 

800 600 32 3328 256 3328 

1024 768 8 1024 128 1024 

1024 768 16 2048 128 2048 

1024 768 24 3072 256 3072 

1024 768 32 4096 256 4096 

1280 | 1024 8 1024 128 1280 

1280 | 1024 16 2048 128 2560 

1600 | 1200 8 1664 128 1664 









































5) Program Control, Tiling Disable, Control.Wide_Tile, Tiling Control.Wide_Tile, and 
Tiling_Control.Tiling_Enable. 


6) Write the Tiles-Per-Line value to Tile _Ctrl1.Tiles_Per_Line, Tiling Control.Tiles_Per_line, and 
Display_Threshold.Fetches_Per_Line. The Fetches_Per_Line value is always programmed in units of 
128 bytes so that it must be doubled for wide tiles. The Display_Threshold.FIFO depends on the pixel 
clock, the bus clock, and the bits per pixel. 


18.1.4 Memory Tile Interleave Setup 


For optimal system performance, the programmer should set up memory tile interleaving. The goal 
is to reduce the number of page breaks or tile crossings in a given graphics operation. Since each 
of the four tiles is mapped into a different memory bank, four-way interleaving means that crossing 
tile boundaries at a four-tile intersection performs in the optimal manner. When using two-way 
interleave, an operation that crosses two tiles should not incur a memory penalty after the first two 
accesses in the respective tiles. As specified in Table 18-4, it is best to choose the highest 
interleave value possible for a given memory configuration. Program the values into the 
TILECTRL.BANK_INTERLEAVE, DISPLAY_THRESHOLD_AND_TILING.INTERLEAVE, and 
TILING_CONTROL.INTERLEAVE registers. 
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Table 18-4. Interleave Values for Memory Configurations 


Mbytes of Frame Buffer | Interleave Choices | Interleave Choices | TILE_CTRL.BANK 
































Memory Preferred Allowable _INTERLEAVE 

1 1 way 

2 1 and 2 way 

3 1 way@ 0 

4 1, 2, and 4 way 2 

5 1 waya 1 waya 0 

6 1 way 1 and 2 way 0 

7 1 way@ 1 waya 0 

8 4 way 1, 2, and 4 way 2 








a Depending on resolution, how much off-screen memory is required, and what performance improvement 
is obtained by going to a larger interleave, the programmer needs to use higher interleaves and ‘waste’ 
memory. For example, with 5 Mbytes at 640 x 480 x 8, the programmer can use four-way interleave for 
maximum performance and ‘waste’ the fifth Mbyte. Optionally, this might be used for 3 Mbytes at two-way 
interleave for low resolutions and color depths, and one-way interleave for 1024 x 768 x 24 mode. 


The CONTROL, TIMEOUT, and TILE_CTRL register setup is summarized in Table 18-5. 
Table 18-5. CONTROL and TIMEOUT Register Setup 





Register Initial Value Notes 
CONTROL.BPP 0,1,2,3 Select 8, 16, 24, 32 bpp. 
CONTROL.CNTL_TAG NA Read only 























CONTROL.FLUSH_PIPE 0 

CONTROL.FLUSH_RDFIFO 0 

CONTROL.FLUSH_WRFIFO 0 

CONTROL.HALT_FIFO 0 

CONTROL.HALT_PIPE 0 

CONTROL.SWIZ 0 Do not swizzle. 

CONTROL.TILE. SIZE 0.1.3 Shee Select in concert with pitch 
TILE_CTRL.INTERLEAVE 0,1,2 Select 1 way, 2 way, or 4 way (see Table 18-4). 
TILE_CTRL.WIDPIT a 

TIMEOUT OFh Disable 




















a Value from CL-GD5465 display resolutions in Table 18-3. 
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18.1.5 Differences from Standard VGA 


The CL-GD5465 has more registers than standard VGA. The registers are divided into two parts: 
the Indexed I/O and MMIO. Table 18-6 describes the additional Indexed I/O registers. 


Table 18-6. CL-GD5465 VGA Indexed I/O Registers 


Sequencer Registers 





SR7[0] 


SRO9, SROA, SR14, SR15 


Allows true 8-bit Packed Pixel mode. Setting this bit allows each pixel to be 
packed instead of planar. 


Scratch Pad registers. These four registers are reserved for use by the BIOS. 
These registers store the BIOS variables that cannot reside in conventional 
memory. 





SRB-SRE/SR1B-SR1E 
SR18, SR19, SR1A 





Programs the different frequencies for video clocks. 


Tests registers for device debug and testing. 





CRT Controller Registers 





CR19 


Centers odd scanlines in interlace modes. 





Miscellaneous Control register to extend Vertical Blank End and Horizontal 

















CRIA Blank End, DPMS support, enable double buffered display start address and 
interlace. 

CRiB Controls the Blank Extended bits, Enable/Disable Borders, Extend Offset, Dis- 
play Start, and Memory Wrap. 

CR1D Extends Screen Start A address and offset. 
Extends Horizontal Total, Horizontal Display End, Horizontal Blank Start, Hori- 

CRI1E zontal Sync Start, Vertical Total, Vertical Display End, Vertical Blank Start, and 
Vertical Sync Start. 

CR22 Reads the four graphics controller data latches. 

CR24 Reads the attribute controller toggle. 

CR26 Reads the attribute controller index and Video Enable bit. 





Graphics Controller Registers 





GR9 


Provides access to 1 Mbyte of memory with 4-Kbyte granularity. This provides 
address bits A[19:12] and allows the programmer to address beyond the 256 
Kbytes allowed by VGA. 





GRA 


Provides access to 1 Mbyte of memory with 4-Kbyte granularity. This provides 
address bits A[19:12] and allows the programmer to address beyond the 256 
Kbytes allowed by VGA. 





GRB(0] 





Chooses between GR9 and GRA to provide the offset. This allows the program- 
mer two windows for copy data, where one or both of the windows is beyond 256 
Kbytes. For GR9 offset use GRB[0] = 0; for GRA offset use GRB[0] = 1 and 
SA15 = 1. 








To ensure standard VGA compatibility mode, set up the following registers and bits: 


e Display Threshold and Tiling, Tiling_Control 


e Sequence — SR7[0] 
e VS Control.EXT DSP 


e the Pixel Format Gamma Correction bit, which allows the DAC to be 6 or 8 bits in SVGA modes 
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18.2 CRTC Programming 


The following section discusses the programming of registers in the CRTC. These registers control 
the video timing. 


18.2.1  VESA® Timing Specifications 


The video timing for most modes is defined in the VESA Monitor Timing Specifications available 
through VESA. Wherever possible, Cirrus Logic uses VESA timing. Table 18-7 indicates the res- 
olutions and refresh rates defined by VESA as of May 1995. 


Table 18-7. VESA® Monitor Timing Specifications 


























San , | Interlaced | 56 | 60 | 65 | 70 | 72 | 75 | 80 | 85 
640 x 350 |a | Vpb 
640 x 400 | | VP 
640 x 480 I voc vsd VP 
800 x 600 VS VS VO VS VP 
1024 x 768 | VS Vs VS VP VP 
1152 x 864 Vs VP VP VP 
1280 x 960 VP VP VP VP 
1280 x 1024 VP VP VS VP 
1600 x 1200 VP VP VP VP VP VP VP 









































‘l indicates industry standard. 
‘VP’ indicates VESA proposal. 
‘VO’ indicates obsolete VESA standard. 
‘VS’ indicates VESA standard. 


ao 0 


NOTE: The appearance of any notation in the above table does not mean that the Cirrus Logic BIOS sup- 
ports the corresponding specification. This table is provided as a reference only. 


18.2.2. CRTC Timing 


Figure 18-1 illustrates how CRTC timing is generated. There are two sets of timing: horizontal and 
vertical. When these sets are combined, an orthogonal raster is produced. These timings are sim- 
ilarly generated. 


Horizontal timing is generated by counting character clocks (this term is derived from character 
graphics: the pixel clock divided by eight). The vertical timing is generated by counting scanlines. 


Each counter counts from zero to the respective maximum value, then resets to zero to start again. 
The zero value of the horizontal counter corresponds to the first — left-most — pixel of active video; 
the zero value of the vertical counter corresponds to the top scanline on the screen. 
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TOTAL 






DISPLAY END 


ACTIVE VIDEO 


|j~<q—_____________. SYNC END 





lq —Ss SYNC START 





SYNC 





<< BLANK END 


<4 BLANK STAR 





BORDER 











Figure 18-1. CRTC Timing 


As either counter increases from zero — counting either pixels or scanlines — it arrives at the values 
programmed for the various events in the raster, as shown in Table 18-8. Many of the values do 
not fit into a single 8-bit register. For Sync End and Blank End for both horizontal and vertical, 
fewer than the total number of bits in the respective counter are compared. This results in the width 
limitations on sync pulses and blanking periods. 


Table 18-8. CRTC Registers 




































Horizontal | Vertical Next Period 
Display End Border or front porch 
Blank Start CR2 CR15 Front porch 
Sync Start CR4 CR10 Sync 
Sync End CR5 CR11 Back porch 
Blank End CR3 CR16 Border or active video 
Total CRO CR6 Active video (next scanline or frame) 
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18.2.3. Programming VCLK 


The fundamental timing source for the CRTC timing is the pixel clock, which comes from the VCLK 
synthesizer or from the DCLK pin. When the VCLK synthesizer is used, the frequency is deter- 
mined by the programming of one of four register pairs. Use Equation 18-1 when the post-scalar 
is ‘0’. 


Numerator 


VCLK = RCLK e —————_ 
Denominator 


Equation 18-1 


Use Equation 18-2 when the post-scalar is ‘1’. 


Numerator 


Ce Ce {Denominator ® 2) 


Equation 18-2 


where, 

RCLK is the reference frequency, normally 14.31818 MHz 
Numerator is a 7-bit value, programmed into SR1B-SR1E/[6:0] 
Denominator is a 7-bit value, programmed into SRB—SRE[7:1] 


The post-scalar value is a single bit to indicate if the synthesizer output is divided by two. This bit 
is SRB—SRE[0O]. The register pair is selected in MISC[3:2]. 


The programmed VCLK can be divided by two, four, or eight at the RAMDAC to support extended 
modes with a pixel rate of less than 50 MHz. Select this mode by programming Graphics/Video 
Format[15:14] as indicated in the register description. The horizontal timing is 8 pixels. 


18.2.4 Programming BCLK 


BCLK is the Rambus clock and is directly programmed by specifying an appropriate value into the 
BCLK Multiplier register (MMIO offset 2COh). This is shown in the equation below. BCLKMultiplier 
can be any value from 7 to 22 (decimal). The nominal value is 21d, returning a BCLK frequency 
of 300.7 MHz, with a nominal RCLK input of 14.31818 MHz. 


BCLK = RCLK ¢ BCLKMultiplier 
Equation 18-3 


18.2.5 Non-Standard Timing Parameters 


The VESA standards referenced in Section 18.2.1 provide precise timing details for standard 
monitors using standard resolutions. There are two situations in which the standard values cannot 
be used. It may be necessary to program a non-standard resolution, or program a standard 
resolution for a non-standard monitor. 
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The programmer can use the following general approach: 


e Decide on the horizontal timing. If the monitor vendor cannot provide guidelines for the horizontal total 
and blank timing, select another vendor. 


HorizontalActiveTime = HorizontalTotal — HorizontalBlanking 
Equation 18-4 


e The horizontal active time can be calculated by subtracting the horizontal blank from the horizontal total. 
Dividing horizontal active by the number of pixels-per-scanline yields the pixel period. 


HorizontalActive 


PixelPeriod = ————_—_ 
Diapaen te (Pixels)/(Scanline) 


Equation 18-5 
e The pixel frequency is the reciprocal of the pixel period. 


1 


VCLK = —————_ 
PixelPeriod 


Equation 18-6 


The VCLK synthesizer is programmed using Equation 18-1 or Equation 18-2. For most 
frequencies, a number of solutions yield the desired frequency. In general, the best results are 
obtained by choosing a solution with both the numerator and denominator in the middle of their 
respective ranges. If possible, use the post-scalar for frequencies below ~50 MHz by programming 
Graphics/Video Format[15:14] (MMIO COh) as indicated. 


Even with these considerations, there are usually a number of sets of values that produce the 
desired frequency. The choice among these sets of values is generally determined empirically. 


The horizontal counter counts with a resolution of 8 pixels (even with pixel doubling enabled). All 
horizontal timing is in terms of this counter. The Horizontal Display End and Horizontal Total values 
are determined, respectively, by the pixels-per-scanline and horizontal period. 


If a horizontal border is not used, program Horizontal Blank Start to correspond to Horizontal Dis- 
play End, and program the Horizontal Blank End to correspond to Horizontal Total. If a horizontal 
border is used, Horizontal Blank Start follows Horizontal Display End, and Horizontal Blank End 
occurs before Horizontal Total. The differences are the desired border width. 


Program the horizontal sync pulse next. The horizontal sync pulse generally begins near the 
beginning of horizontal blanking (Horizontal Blank Start). The polarity of the sync pulse is pro- 
grammed in the MISC register. Typically, the sync width is not important; most monitors require 
only the leading edge. The position of the sync pulse can be adjusted to position active video on 
the monitor. Forcing the sync pulse to occur earlier moves the video to the left. 


The vertical parameters are selected the same way, except in terms of scanlines. 
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18.3 


18.3.1 


Hardware Cursor 


This section describes the 64 x 64 hardware cursor (mouse pointer) that the CL-GD5465 can sup- 
port in all color depth packed-pixel graphics modes. The hardware cursor replaces the software 
mouse pointer commonly used by GUI applications. The hardware cursor eliminates the need for 
application software to save and restore the screen data as the mouse position changes. 


The application software typically initializes the hardware cursor once. From that time, it only 
needs to update the cursor (XY) position to move the cursor on the screen. The hardware cursor 
offers a smooth moving mouse pointer with improved performance. 


Multiple hardware cursor patterns are loaded into off-screen display memory, allowing application 
programs to quickly select between them. 


Hardware Cursor Operation 


To operate the hardware cursor, the CL-GD5465 has a set of Memory-Mapped registers that 
enable/disable the hardware cursor. These registers specify the location of the hardware cursor 
pattern in off-screen memory, position the hardware cursor on the screen, and control the offset 
within the pattern displayed at the current position on the screen. The Memory-Mapped registers 
related to the operation of the hardware cursor are listed in Table 18-9. I/O ports related to the 
operation of the hardware cursor are listed in Table 18-9. The I/O ports are applied when program- 
ming the hardware cursor palette entries. Otherwise, all hardware cursor control is done by the 
Memory-Mapped registers. The offset column in Table 18-9 is relative to the start of the linear 
address where the CL-GD5465 Memory-Mapped registers are mapped. 


Table 18-9. Hardware Cursor Memory-Mapped Registers 


Register Name Offset | Size Bit Descriptions 


7 DAC power-down 





6 External DAC 
5:4 Reserved 

















PALETTE_STATE OBOh 8 bits 
3 Access cursor color 
2 Read mode 
1:0 Palette state 
15:12 | Reserved 
CURSOR_X OEOh 16 bits 
11:0 | CURSOR_X 
15:12 | Reserved 
CURSOR_Y OE2h 16 bits 





11:0 | CURSOR_Y 





15 Reserved 





14:8 | X_PRESET 
CURSOR_PRESET OE4h 16 bits 





7 Reserved 





6:0 Y_PRESET 
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Table 18-9. Hardware Cursor Memory-Mapped Registers (cont.) 



































Register Name Offset | Size Bit Descriptions 
15:13 | Reserved 
12 COMPOSITE_SYNC 
11:9 | Reserved 
CURSOR_CONTROL OE6h 16 bits 
8 STEREO ENABLE 
7:1 Reserved 
0 CURSOR_ENABLE 
15 Reserved 
CURSOR_LOCATION OE8h 16 bits 14:2 | CURSOR_OFFSET 
1:0 Reserved 














NOTE: The !/O ports for palette entries listed in Table 18-10 are also addressable with MMIO. 


Table 18-10. I/O Ports Used for Palette Entries 

















Reg Name /O Port Offset 
PALETTE_READ_ADDR 03C7h A4 
PALETTE_WRITE_ADDR 03C8h A8 
PALETTE_DATA 03C9h AC 











Use of the hardware cursor is enabled by setting CURSOR_CONTROL(0] to ‘1’. 


The hardware cursor is stored in off-screen display memory as two monochrome bit masks. Each 
mask is 64 bits wide by 64 bits high (512 bytes per mask). The first bit mask is the Plane 0 mask; 
the second bit mask is the Plane 1 mask. Table 18-11 shows the output displayed by the 
CL-GD5465 hardware cursor. In the Microsoft Windows specification, Plane 0 is the ‘KOR’ mask; 
Plane 1 is the bitwise-inverse of the ‘AND’ mask. 


Table 18-11. Hardware Cursor Planes 


NOT—AND Mask Value 


XOR Mask Value 


Resulting Pixel Color 











(Plane 1 Mask) (Plane 0 Mask) on Display 
0 0 Transparent 
0 1 Inverted 
1 0 Cursor color 0 











Cursor color 1 
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The two hardware cursor colors are stored as two extra colors in the DAC. These two extra DAC 
entries are accessed by setting PALETTE_STATE[3]. The cursor colors are read or written by the 
standard VGA DAC registers (PALETTE READ ADDRESS, PALETTE_WRITE_ADDRESS, and 
PALETTE_DATA). Cursor color 0 is read or written at index 00h and cursor color 1 is read or written 
at index OFh. 


When PALETTE_STATE[3] is set, neither the CPU nor the CL-GD5465 pixel path can access stan- 
dard palette registers 0-255. Therefore, only set the cursor colors with the display disabled (this 
is only a problem in 256-color modes). Access the cursor color palette entries in the following 
sequence: 


1) Disable the display. 

2) Set PALETTE_STATE[93]. 

3) Read or write the cursor colors. 
4) Clear PALETTE _STATE[93]. 

5) Enable the display. 


The hardware cursor bit masks can be stored on any 1024-byte boundary within the first 8 Mbytes 
of display memory. The linear offset, from the start of the frame buffer to the hardware cursor stor- 
age area, is stored in the CURSOR_LOCATION register. Actually, only bits 22:10 of the linear off- 
set are written to this register. The linear offset must be shifted 8 bits right, and written to bits 14:2. 
Since the lower 10 bits of the linear offset are not used, the hardware cursor bit masks must begin 
on a 1024-byte boundary. 


The CURSOR_LOCATION register allows the application to select one of any cursor patterns 
loaded in display memory to become the active graphics cursor. Any cursor pattern loaded into 
off-screen display memory must begin on a 1024-byte boundary. Determine the value to be written 
to the CURSOR_LOCATION register when tiling of display memory is not enabled. To determine 
the linear offset when tiling is enabled, see Section 18.4. 


The hardware cursor bit masks total 1024 bytes in length. Thus, two sets of bit masks can fit into 
a single tile. Due to the 1024-byte boundary limit, the bit mask storage must begin at either the 
first Kbyte within a tile or the 1024th byte within a tile. xByteOffset must be zero and yByteOffset 
must be zero or 1024. This means X must be on a 128-byte boundary and Y must be on a 
tile height + 2 boundary. 


The planes of the bitmasks are interleaved on qword (64-bit) boundaries, with each qword con- 
taining one scanline of one plane of the hardware cursor. Starting at the CURSOR_LOCATION 
register, the hardware cursor bitmasks are stored as Plane 0, Scanline 0; Plane 1, Scanline 0; 
Plane 0, Scanline 1; and so on. 


The hardware cursor position is controlled by programming the CURSOR_X and CURSOR_Y reg- 
isters. Both registers have 12 bits defined for positioning the hardware cursor. Therefore, the X and 
Y coordinates can range from 0—4095, with ‘00’ being the upper-left corner of the display. 


The CURSOR_PRESET register contains two 7-bit fields called X_PRESET and Y_PRESET. 
These preset fields control the offset within the bit masks displayed at the CURSOR_X and 
CURSOR_Y position on the screen. Setting both the X_PRESET and Y_PRESET to ‘0’ causes 
the upper-left corner of the hardware cursor to display at CURSOR_X,CURSOR_Y. Setting the 
X_PRESET and/or Y_PRESET to a non-zero value allows the cursor to appear to move off the left 
or upper edge of the display. In general, the cursor hot spot is programmed into the 
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CURSOR_X,CURSOR_Y position on the screen. 


18.3.2 Hardware Cursor Programming Example 


The sample code in 5465Code/System/hwcursor.asm illustrates how to program the hardware 


cursor. The hardware cursor functions make the following assumptions: 


e The code is intended for 32-bit protected-mode operation. (This simplifies the HWGCLoadBitmasks code 
so that the programmer can write anywhere in the frame buffer with a single selector and does not have 


to be limited to the 64 Kbytes of 16-bit code.) 
e The CL-GD5465 Memory-Mapped registers are enabled. 


e The Memory-Mapped registers are accessible by a selector variable — LagunaRegs. 


e The CL-GD5465 frame buffer is accessible by a selector variable — LagunaFB. 


A brief description of the hardware cursor functions is listed in Table 18-12. 


Table 18-12. Hardware Cursor Functions 





























Harware Cursor Function Description 
HWGCEnable Enable hardware cursor. 
HWGCDisable Disable hardware cursor. 
HWGCGetColors Read hardware cursor palette entries. 
HWGCSetColors Write hardware cursor palette entries. 
HWGCGetLinearOffset Read hardware cursor offset. 
HWGCSetLinearOffset Write hardware cursor offset. 
HWGCGetXY Read hardware cursor XY position. 
HWGCSetXY Write hardware cursor XY position. 
HWGCGeiPreset Read hardware cursor XY preset values. 
HWGCSeiPreset Write hardware cursor XY preset values. 
HWGCLoadBitmasks Write hardware cursor bit masks to display memory. 
HWGCConvertXY ToLinearOffset Converts a given XY coordinate to a linear offset for tiled modes. 











18.4 Linear Offset in Tiled Mode 


When the CL-GD5465 is configured for Tiled mode, the linear address offset of a given XY coor- 
dinate of display memory is affected by the width and height of the tiles, and the interleave of 


RDRAM memory banks. 


The following description assumes that tiling is enabled and that the hardware cursor is stored at 
some given XY coordinate of off-screen display memory. The upper-left corner of display memory 
is assumed to be the upper-left corner of the screen (xy = 00) and the beginning of display memory 
(offset = 0). It is further assumed that the X coordinate is normalized to the width of a scanline. For 
example, if the display memory is configured for a pitch of 1024 pixels, then X is between 0 and 


1023. 
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Tiles used with the CL-GD5465 are 2048 bytes and can be configured to have a width of 128, 256, 
or 2048 bytes. The tiles then have a corresponding height of 16, 8, or 1 scanlines, respectively. 
For example, assume tiles are configured for 128 x 16 at 8 bpp without bank interleave. The first 
128 bytes of display memory maps to the first 128 pixels of scanline 0. The next 128 bytes of dis- 
play memory maps to the first 128 pixels of scanline 1. Therefore, the first 2048 bytes map to the 
first 128 pixels of scanlines 0O—-15. Bytes 2048-21 75 of display memory map to pixels 128-255 on 
scanline 0, and so on. Mapping of display memory continues from left to right in 128-pixel blocks 
until the first 16 scanlines are mapped. For example, at 1024 x 768 with 8 bpp and 128 x 16 tiles, 
there are eight tiles across display memory when mapping the first 16 scanlines. Then, the map- 
ping restarts at the left edge of the display for the second block of 16 scanlines. The addition of 
RDRAM bank interleave further complicates mapping. 


Table 18-13 shows the layout of tiles in display memory at 1024 x 768. In the ‘No Interleave’ lay- 
out: Tile 0 is the first 2048 bytes of display memory; Tile 1 is the next 2048 bytes; and so on. Each 
number in the following tables represents a tile number. In the two- and four-way interleave layouts 
(Table 18-14 and Table 18-15), Tile ‘0,0’ is the first 2048 bytes of display memory in bank 0; Tile 
‘1,0’ is the first 2048 bytes of display memory in bank 1; Tile ‘0,1’ is the second 2048 bytes of dis- 
play memory in bank 0; and so on. 


NOTE: Each group of numbers in Table 18-14 and Table 18-15 represent first the bank number followed 
by a comma, then the tile number. 
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Table 18-13. 1024 x 768 x 8, 1-Mbyte RDRAM, No Interleave, 128 x 16 Tile Size 























Table 18-14. 1024 x 768 x 16, 2-Mbyte RDRAM, Two-way Interleave, 128 x 16 Tile Size 


0,0 





1,0 





0,8 





1,8 0,9 1,10 0,11 1,12 0,13 1,14 0,15 














Table 18-15. 1024 x 768 x 8, 4-Mbyte RDRAM, Four-way Interleave, 128 x 16 Tile Size 

















1,0 2,1 3,2 0,3 1,4 2,5 3,6 0,7 
2,0 3,1 0,2 1,3 2,4 3,5 0,6 1,7 
3,0 0,1 1,2 2,3 3,4 0,5 1,6 2,7 
0,8 1,9 2,10 3,11 0,12 1,13 2,14 3,15 
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The frame buffer is an array of tiles. The width of the array of tiles is the TileScreenPitch, computed 
by using Equation 18-7. 


ScreenPitchInBytes 


Til Pitch = 
ileScreenPitc TileWidih 


Equation 18-7 


ScreenPitchinBytes must be an integer multiple of the TileWidth. 


Given an XY pixel coordinate, the programmer can determine which xTile, yTile coordinate con- 
tains the XY pixel coordinate by using Equation 18-8 and Equation 18-9 (assuming integer math 
and truncation). 


xTile = (xe Pees + (TileWidth) 
Equation 18-8 


where, 
bpp is 8, 16, or 32. (This does not apply for 24-bpp Packed Pixel modes.) 


yTile can be calculated using Equation 18-9. 


Tile = ——>——- 
a TileHeight 
Equation 18-9 


If the interleave factor is ignored, the programmer can determine which tile contains the desired 
XY pixel coordinate by using Equation 18-10. 


TileNo = (yTile ¢ TileScnPitch) + xTile 
Equation 18-10 


The offset from the start of a given tile to the desired XY pixel coordinate is then the remainder of 
the X bytes, plus the remainder of the Y scanlines times the TileWidth in bytes. So the X and Y 
offsets in bytes from the start of a tile can be determined by using Equation 18-11 and 
Equation 18-12. 


xByteOffset = (x e bee modTileWidth 
Equation 18-11 


yByteOffset = (ymodTileHeight) © TileWidth 
Equation 18-12 
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The linear offset is computed using Equation 18-13 (ignoring interleave). 


LinOffset = (TileNo ® BytesPerTile) + (YByteOffset + xByteOffset) 
Equation 18-13 
where, 
BytesPerTile is 2048. 


The interleave adds a BankNo to the yTile coordinate. If the interleave is two, then the programmer 
gets two rows of tiles in the Y direction, one in each bank of RDRAM. If the interleave is four, then 
the programmer gets four rows of tiles in the Y direction, before getting back to the first bank. 
Therefore, the programmer divides the yTile by the TileScnPitch value above, by the interleave fac- 
tor to get the correct TileNo. 


yTile ¢ TileScnPitch 


TileNo = 
on Interleave + xTile 


Equation 18-14 


The programmer also needs to determine which RDRAM BankNo the TileNo resides. 


The BankNo is dependent on xTile, yTile, and the interleave factor. Refer to Table 18-13, 
Table 18-14, Table 18-15. 


For two-way interleave, the tiles in memory are organized as shown inTable 18-16. 


Table 18-16. Two-way Interleave 








For four-way interleave, the tiles in memory are organized as shown in Table 18-17. 


Table 18-17. Four-way Interleave 
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Obviously, for no interleave (or one-way interleave) the BankNo is always Bank 0. BankNo is 
(A + B) mod interleave, where A = xTile mod interleave and B = yTile mod interleave. Therefore, 
BankNo is computed by using Equation 18-15. 


xTilemodInterleave + yTilemodInterleave 


BankNo = 
Interleave 


Equation 18-15 


Fortunately, for an interleave of one, both numerator terms are zero so BankNo is always zero. 


In general, the linear offset is calculated using Equation 18-16 (including interleave factor) and the 
following equations define the qualifiers. 


LinOffset = (BankNo ¢ BytesPerBank) + (TileNo @ ByteSPerTile) + (yByteOffset + xByte Offset) 


Equation 18-16 


BankNo = ((xTilemodInterleave) + (yTilemodInterleave))modInterleave 
Equation 18-17 








TileNo = cas ¢ TileScnPitch|| ¢ .TiJ¢ 
Interleave 
Equation 18-18 
; : ScnPitchInBytes 
TileScnPitch = ———————_ 
enone TileWidth 
Equation 18-19 
x e bpp 
Tile = ————_ 
ve "° Tile Width 
Equation 18-20 
Tilé = = 
yo" TileHeight 


Equation 18-21 


xByteOffset = (« e bee modTile Width 


Equation 18-22 
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18.5 


18.5.1 


yByteOffset = (ymodTileHeight) © TileWidth 
Equation 18-23 


where, 
xy, bpp, TileWidth, TileHeight, Interleave, and ScnPitchInBytes must be known from configuration data. 


BytesPerBank in Equation 18-16 depends on the configuration. However, it is a minimum of 
1 Mbyte, since the RDRAM comes in 1-Mbyte blocks. Each bank must be the same size; 
BytesPerTile is 2048. 


Palette 


This section describes how to enable and manipulate the CL-GD5465 palette. The palette can be 
used in 8-bit color lookup modes to map pixel values to RGB color values. In True Color modes, 
the palette can be bypassed, or it can contain a gamma correction map for each color. 


Programming the 8-bpp LUT 


The CL-GD5465 VGA accelerator is capable of supporting 256-color Packed Pixel graphics 
modes. The CL-GD5465 integrated palette DAC consists of three addressable arrays each with 
256 8-bit entries, and three 8-bit DACs. In 256 color graphics modes, this array functions as a 256 
CLUT for selecting RGB color value, which is sent to the DAC. 


In 256-color graphics mode, 8 bpp — or one byte-per-pixel — of data is stored in video memory. This 
8-bit value is a index into the CLUT in palette DAC, to select the RGB color values for that pixel. 


The Color registers listed in Table 18-18 write and read the 256-color palette LUT RGB values. 
Table 18-18. Color Registers 8-bpp LUT 


: Extended ae 
Color Register V/O Port MMIO Port Description 











Pixel Mask 3C6h AOh The bits in this register form the pixel mask for the 
palette DAC. In 256 colors, this register is initialized to 
OFFh. 

Palette Address Write-only Write-only A4h This register contains the 8-bit address used to 

Read Mode 3C5h access one of the 256-color lookup entries during a 
read operation. 

Palette Address Write-only Write-only A8h This register contains the 8-bit address used to 

Write Mode 3C8h access one of the 256-color lookup entries during a 
write operation. 

Pixel Data 3C9h ACh This field is the pixel data to the palette DAC. 

DAC State Read-only Read-only A4h Bits 1:0 

3C7h These bits indicate if the Palette Address Read regis- 


ter or the Palette Address Write register was the last 
to be accessed. A ‘00’ value indicates a write opera- 
tion in-progress; ‘11’ indicates a read operation in- 
progress. 
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The Palette Data register is an 8-bit wide register that writes pixel data to the palette DAC entries. 
Prior to writing to this register, the Palette Address Write register (or the Palette Address Read reg- 
ister) is written with the palette address. Then three bytes of data, corresponding to the red, green, 
and blue values, are written to the palette DAC register. The RGB values are transferred on the 
third write and the palette address (write or read) is automatically incremented to the next address. 
This is useful when initializing more then one palette LUT entry in the palette DAC. 


The CL-GD5465 VGA BIOS supports the function calls listed in Table 18-19 to read from or write 
to the palette DAC lookup registers. 


Table 18-19. Palette DAC Lookup Function Calls 






























































. Input 
Ven eIe> | unciion Output Parameters Register Effected 
INT10h : 
Register Parameter 
AH 10h 
AL 10h 
Set Individual Es Color register Alene Selected Color register 
Color register (RAMDAC) DH Red value in palette DAC. 
CH Green 
CL Blue 
AH 10h 
AL 12h 
Set block of Color ; Selected Color register 
registers ao Start Color register mone values in palette DAC. 
CX Count 
ES:DX Color values 
AH 10h 
bs Gh DH: Red 
Read individual : 
Color register (RAMDAC) om “GLB me 
BX Color register 
AH 10h 
AL 17h 
Read block of ES:DX buffer fills with 
Color reaistar BX Start Color register None three times the number 
a in the CX register. 
CX Count 
ES:DX Buffer 
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18.5.2 Programmable 6- or 8-bit Palette Entries 


18.6 


18.6.1 


The CL-GD5465 supports 256-color extended video modes in the resolutions listed in 
Table 18-20. 


Table 18-20. Resolutions Supported in 256-Color Modes 


® 
Video Mode | VESA™ Mode | screen Resolution Comments 
Number Number 




















13h 13h 320 x 200 Standard VGA packed pixel mode. 

5Eh 100 640 x 400 CL-GD5465 8-bpp extended mode. 
5Fh 640 x 480 CL-GD5465 8-bpp extended mode. 
5Ch 103 800 x 600 CL-GD5465 8-bpp extended mode. 
60h 105 1024 x 768 CL-GD5465 8-bpp extended mode. 
6Ch 106 1280 x 1024 CL-GD5465 8-bpp extended mode. 
7Bh - 1600 x 1200 CL-GD5465 8-bpp extended mode. 

















In 256-color 8-bpp extended modes, the CLUT entries can be configured for 6- or 8-bit red, green, 
and blue (RGB) values: 


e The standard 6-bit palette DAC configuration of 6:6:6 RGB CLUT values allows selection of 256 simul- 
taneous color out of a 256K-color palette. 


e The extended 8-bit palette DAC configuration of 8:8:8 RGB CLUT values allows selection of 256 simul- 
taneous color out of a 16.8M-color palette. 


The Pixel/Video Format register (MMIO, offset COh), bit 8 and SR7[0] select between 6-bit palette 
entries and 8-bit palette entries. (For more information, refer to Chapter 8, “Graphics Pipeline 
Registers”.) 


System-Level Considerations 


The CL-GD5465 functions as a VGA adapter, a VGA adapter and a high-resolution adapter, or a 
high-resolution adapter. The VGA adapter is enabled/disabled by a strapping option. This allows 
different system configurations and a few are explained in the following sections. 


Using Other Display Adapters 


The CL-GD5465 only works as a high-resolution display controller. There is a strapping bit VGA 
(RD7) that disables the VGA. All accesses occur through MMIO or the linear frame buffer. High 
Resolution mode is determined by reading the SubClass register, which returns 80h in this case 
instead of OOh. The BIOS and driver software can use this feature to disable VGA accesses. 


18.6.2 Using Multiple CL-GD5465s 


The process for using multiple CL-GD5465 devices in one system is the same as the process for 
using other display adapters, except that one of the CL-GD5465 devices is the primary VGA. 
Enable the strapping option on the primary CL-GD5465 and disable the secondary CL-GD5465. 
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For the frame buffer and Memory-Mapped registers, each CL-GD5465 is assigned to its own 
unique physical address space. 


18.6.3 Monitor Identification 


The CL-GD5465 has two built-in I2C ports, one intended for monitor ID. Communication with DDC- 
compliant monitors and serial bus EEPROMs is possible by following the I2C serial bus protocol. 
An explanation of the I2@C Bus Protocol is found in the Philips I@C bus specification (Data Hana- 
book I?C Peripherals for Microcontrollers, January 1992). 


18.6.3.1 BIOS Interface 
The BIOS provides an interface to read the monitor EDID by VESA/VBE Sub-Function 15. 
18.6.3.2 Functional Example 


The |2C register is divided into two parts: input and output. The programmer writes to the output 
portion of the register and compares it with a read back from the input portion. 


Inside a DDC-compliant monitor is a serial EEPROM, which contains the 128 bytes of EDID data. 
There are three different types of read operations the programmer can perform on an EEPROM: 
current address read, random read, and sequential read. The type of read performed below is a 
random read. This is accomplished by performing a dummy write to set the current word address, 
followed by a 128-byte read. The two procedures listed below are high-level descriptions of a 
dummy write and a random read. 

Dummy Write 

1) Start Condition — high-to-low on SDO with SCO high. 


2) Device Address — mandatory one-zero sequence for the first significant bits, followed by three 
address bits (0 in this case), then by a low to indicate a write operation. 


3) Current Word Address — eight zeroes. 
4) Stop Condition — low-to-high on SDO with SCO high. 


Random Read 
1) Start Condition — high-to-low on SDO with SCO high. 


2) Device Address — mandatory one-zero sequence for the first significant bits, followed by three 
address bits (0 in this case), then by a high to indicate a read operation. 


3) Read a byte, get an Ack (for number (of bytes — 1) desired) — accomplished by keeping SDO low dur- 
ing the ninth clock cycle (SCO high). 


4) Read abyte. 
5) Stop Condition — low-to-high on SDO with SCO high. 


With the exception that three bits for the device address are different, reading and writing to 
another EEPROM on the serial bus are very similar. The BIOS provides an interface for read- 
ing/writing to an EEPROM by the function Set/Get EEPROM Byte (ah = 12h, bl = b4h). 


The sample code in 5465Code/System/ddc.c illustrates how to use the I2C bus to communicate 
with a monitor. 
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18.7 Power Management 


The CL-GD5465 saves power by controlling various hardware module clocks through the 
VS_CLK_CONTROL register (MMIO 3F4h), the CR1A register (MMIO 68h), and the RAMBUS 
RAC Control register (MMIO 202h). 


To conserve power, a minimum of hardware modules are enabled at initialization time. Before an 
application uses certain disabled hardware module functions, it turns on the appropriate hardware 
clocks to enable that particular hardware module. After the application finishes using the hardware 
module, it can disable that module by turning off the appropriate hardware clocks. 


18.7.1. Runtime Support 


To use the functionality of a particular hardware module, certain hardware clocks must be enabled. 
Table 18-21 lists the hardware modules and whether the corresponding hardware clocks should 
be turned on or off. 


Table 18-21. Power Control 



































Module vena | Extended | 55 | 3p | stretch Engine | V-Port™ | TV-Out 
Modes 

CLK_DISPLAY On On On On On On On 
CLK_SYNCLK On On On On On On On 
CLK_2D Off xa On X 

CLK_3D Off X X On X X X 
CLK_TVOUT Off X X X X X On 
CLK_VW On On On On On On On 
CLK_VPORT Off X X X X On xX 
CLK_RAMDAC On On On On On On On 
CLK_VGA On Off X X X X X 
CLK_EXTMODE Off On On On On On On 
CLK_STRETCH Off X X X On X X 
RAMBUS On On On | On On On On 
HSYNC On On On | On On On On 
VSYNC On On On | On On On On 
































a ‘X’ indicates the don’t care state (the clock can be on or off). 
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18.7.2 ACPI Support 


When the system transits from DO to D1, D2, or D3 state, the Power Management (PM) software 
saves all the current hardware clock states and then turns off the appropriate hardware clocks to 
save the power. As the system goes into a deeper power save state, more hardware clocks will be 
turned off. When the system activates again (from D1 state to DO state), the PM software will 
restore all saved hardware clocks states. In the case where the system activates from D2 and D3 
states to the DO state, system reboot is required because of the loss of video controller context 
and video memory. 


Table 18-22 lists the ACPI states and whether the corresponding hardware clocks should be 
turned on or off. 


Table 18-22. ACPI States 









































Function DO (On) | D1 (Standby) | D2 (Suspend) | D3 (Off) 
CLK_DISPLAY On On Off Off 
CLK_SYNCLK On On Off Off 
CLK_2D xa Off Off Off 
CLK_3D X Off Off Off 
CLK_TVOUT X Off Off Off 
CLK_VW On Off Off Off 
CLK_VPORT X Off Off Off 
CLK_RAMDAC On Off Off Off 
CLK_VGA X Off Off Off 
CLK_EXTMODE X Off Off Off 
CLK_STRETCH X Off Off Off 
RAMBUS On On On Off 
HSYNC On Off On Off 
VSYNC On On Off Off 


























a ‘X’ indicates the don’t care state (the clock can be on or off). 
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19. 


19.1 


19.1.1 


BIOS SPECIFICATION 


This chapter introduces the programmer to the CL-GD5465 BIOS requirements, Scratchpad reg- 
ister usage, and a detailed description of the VGA BIOS, VESA BIOS extensions, and the Cirrus 
Logic BIOS extensions. The CL-GD5465 BIOS is uniquely adapted to meet and exceed the needs 
of the CL-GD5465 VGA modes, VBE/PM v1.0, DDC Level 2B, and VESA VBE v2.0. The 
CL-GD5465 BIOS also supports single or multiple display adapter configurations. 


The BIOS ID for the current production CL-GD546X graphics accelerators are listed in Table 19-1 
Table 19-1. BIOS ID 











Product ID 
CL-GD5462 60h 
CL-GD5464 61h 
CL-GD5465 64h 














Requirements 


This section describes the CL-GD5465 BIOS requirements in relation to the environments sup- 
ported, modes, and functions. 


Software and Hardware Environments 


The CL-GD5465 BIOS operates in the standard IBM PC/AT (X-86) software environment. It oper- 
ates in conjunction with the Microsoft® MS-DOS, or equivalent, operating systems. The 
CL-GD5465 BIOS is designed to support the Microsoft Windows® 3.1 and Windows 95® operating 
systems, implementing standard VGA, SVGA, and VBE modes. 


The CL-GD5465 BIOS operates in the PCI and AGP bus environments. The BIOS is required by 
the hardware to fit into a 32768-byte ROM. The BIOS is also architected so that features can be 
removed and inserted to support generating a smaller-sized BIOS. 


19.1.2 Support Capabilities 


This section explains how the CL-GD5465 supports multiple display adapters, bus environments, 
and video modes. 


19.1.2.1 System Bus Support 


The CL-GD5465 BIOS supports two different bus environments: PCI and AGP. The PCI header is 
implemented in the ROM image. The PCI system BIOS reads and writes the PCI Configuration 
registers. 
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19.1.2.2 BIOS Modes Supported 


The following SVGA, VESA, and Cirrus Logic modes are supported by the CL-GD5465 BIOS. The 
BIOS provides mode switching for all of the video modes listed in Table 19-2. 


Table 19-2. CL-GD5465 Supported BIOS Modes 
























































VESA® | Cirrus Logic Text x Refresh | Mode 
mode Mode No. Mode No. on on bpp Golors Rates Type> 
VGA 0 40 25 40 x 25 64, 16 gray 70 V 
VGA 1 0,1 40 25 40 x 25 | 64, 16/8 color 70 V 
VGA 2 80 25 | 80x25] 64, 16 gray 70 V 
VGA 3 2,3 80 25 80 x 25 | 64, 16/8 color 70 Vv 
VGA 4 4,5 320 | 200 4 (256) 70 V 
VGA 5 320 200 4, gray 70 V 
VGA 6 6 640 200 2, gray 70 V 
VGA 7 7 80 25 2, mono 70 V 
VGA D D 320 200 16 70 V 
VGA E E 640 200 16 planar 70 Vv 
VGA F F 640 350 Monochrome 70 V 
VGA 10 10 640 350 16, 64 70 Vv 
VGA 11 11 640 480 | 80x25 2 60 Vv 
VGA 12 12 640 480 | 80x25 16 planar 60 Vv 
VGA 13 13 320 200 40 x 25 256 linear 60 V 
Cirrus Logic 11C¢ 7A 640 400 16 65K 70 S,L, T 
VESA 100 5E 640 400 8 256 70 S,L, T 
60, 72, 
VESA 101 5F 640 480 8 256 75, 85 S,L,T 
60, 72, 
VESA 111 64 640 480 16 65K 75, 85 S,L,T 
60, 72, 
VESA 112 71 640 480 24 16M 75, 85 S, L, T 
Cirrus Logic | 11D¢ 76 640 | 480 | 32 16M Oe ea 
75, 85 
56, 60, 
VESA 102 58, 6A 800 600 4 16 72, 75, 85 S 
56, 60, 
VESA 103 5C 800 600 8 256 72, 75, 85 S,L,T 
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Table 19-2. CL-GD5465 Supported BIOS Modes (cont.) 





























vada | AaEA, [oHaERe] ax | av | Wz] comm | Fateeh ] Mos 
VESA 114 65 800 | 600 | 16 65K Boe S,L,T 
VESA 115 78 goo | 600 | 24 16M Sosa S,L,T 
Cirrus Logic 11E° 72 800 600 32 16M ste he S,L, T 
VESA 104 5D 1024 | 768 4 16 76 ge ae S 
VESA 105 60 1024 | 768 8 256 onde es ST 
VESA 117 74 1024 | 768 | 16 65K tee Be S,L,T 
VESA 118 79 1024 | 768 | 24 16M jones de eit 
Cirrus Logic | 11Fe 73 1024 | 768 | 32 16M ade Be S,L,T 
VESA 106 6C 1280 | 1024 | 4 16 aioe ee S 
VESA 107 6D 1280 | 1024 | 8 256 Foe ee S,L,T 
VESA 114A 75 1280 | 1024 | 16 65K 565 Os Sit 

48i, 60, 65, 

Cirrus Logic | 120¢ 7B 1600 | 1200 | 8 256 70, 75,80, | $,L,7 



































2 16 bpp is 5:6:5 (RGB); 24 bpp is 24-bpp packed pixel; 32 bpp is 24 bpp packed into a 32-bit dword. 


b ‘V’ indicates VGA compatible mode; ‘S’ indicates Super VGA mode; '‘L indicates Linear mode; ‘T’ indicates Tiled 
mode. 


€ VBE v2.0 reported mode number. 
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19.1.3. VGA BIOS Functions 
The CL-GD5465 BIOS implements the standard VGA functions listed in Table 19-3. 


Table 19-3. CL-GD5465 BIOS Functions 


BIOS SPECIFICATION 































































































BIOS Function 
VGA INT10h (00, Set Video Mode) 
VGA INT10h (01, Set Cursor Type) 
VGA INT10h (02, Set Cursor Position) 
VGA INT10h (03, Get Cursor Position) 
VGA INT10h (04, Get Light Pen Position) 
VGA INT10h (05, Set Active Display Page) 
VGA INT10h (06, Windows Scroll Up) 
VGA INT 10h (07, Windows Scroll Down) 
VGA INT10h (08, Read Character/Attrioutes at Cursor) 
VGA INT10h (09, Write Character/Attributes at Cursor) 
VGA INT10h (0A, Write Character at Cursor) 
VGA INT10h (0B,0, Set Background, Border Color) 
VGA INT10h (0B,1, Select Palette Set) 
VGA INT10h (0C, Write Dot — Pixel) 
VGA INT10h (OD, Read Dot — Pixel) 
VGA INT10h (OE, Write TTY Character to Active Page) 
VGA INT10h (OF, Get Video Mode) 
VGA INT10h (10, 00, Set Palette Register) 
VGA INT10h (10, 01, Set OverScan (Border) Register) 
VGA INT10h (10, 02, Set All Palette Registers and OverScan Register) 
VGA INT10h (10, 03, Intensity/Blinking) 
VGA INT10h (10, 04...6, reserved) 
VGA INT10h (10, 07, Read Individual Palette Register) 
VGA INT10h (10, 08, Read OverScan (Border) Register) 
VGA INT10h (10, 09, Read All Palette Registers and OverScan Register) 
VGA INT10h (10, OA...F, reserved) 
VGA INT10h (10, 10, Set Individual Color Register) 
VGA INT10h (10, 11, reserved) 
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Table 19-3. CL-GD5465 BIOS Functions (cont) 






















































































BIOS Function 

VGA INT10h (10, 12, Set Block of Color Registers) 

VGA INT10h (10, 13, Select Color Page) 

VGA INT10h (10, 14, reserved) 

VGA INT10h (10, 15, Read Individual Color Register) 

VGA INT10h (10, 16, reserved) 

VGA INT10h (10, 17, Read Block of Color Registers) 

VGA INT10h (10, 18...19, reserved) 

VGA INT10h (10, 1A, Read Current State of Color Page) 

VGA INT10h (10, 1B, Sum Color Values to Gray Shades) 

VGA INT10h (11, 0, Load User Text Font) 

VGA INT10h (11, 01, Load 8 x 14 ROM Text Font) 

VGA INT10h (11, 02, Load 8 x 8 ROM Text Font) 

VGA INT10h (11, 03, Select Block Specifier) 

VGA INT10h (11, 04, Load 8 x 16 ROM Text Font) 

VGA INT10h (11, 10, Load User Text Font and Reprogram Controller) 

VGA INT10h (11, 11, Load 8 x 14 ROM Text Font and Reprogram Controller) 
VGA INT10h (11, 12, Load 8 x 8 ROM Text Font and Reprogram Controller) 
VGA INT10h (11, 14, Load 8 x 16 ROM Text Font and Reprogram Controller) 
VGA INT10h (11, 20, Set Pointer of User’s Graphics Font Table to INT-1F) 
VGA INT10h (11, 21, Set Pointer of User’s Graphics Font Table to INT-43) 
VGA INT10h (11, 22, Set Pointer of 8 x 14 ROM Graphics Font Table to INT-43) 
VGA INT10h (11, 23, Set Pointer of 8 x 8 ROM Graphics Font Table to INT-43) 
VGA INT10h (11, 30, Get Font Information) 

VGA INT10h (12, 10, Get Configuration Information) 

VGA INT10h (12, 13, Write String in TTY) 

VGA INT10h (12, 1A, Get/Set Display Combination Code) 

VGA INT10h (12, 20, Select Alternate Print-Screen Routine) 

VGA INT10h (12, 30, Select Scanlines — AN mode) 

VGA INT10h (12, 31, Enable/Disable Default Palette Loading) 

VGA INT10h (12, 32, Enable/Disable Video) 

VGA INT10h (12, 33, Enable/Disable Greyscale Summing) 
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Table 19-3. CL-GD5465 BIOS Functions (cont) 


BIOS 


VGA 


Function 


INT10h (12, 34, Enable/Disable Cursor Emulation) 


BIOS SPECIFICATION 





VGA 


INT10h (12, 35, Switch Active Display) 





VGA 


INT10h (12, 36, Enable/Disable Screen Refresh) 





VGA 
VGA 


INT10h (1B, Get Functionality/State Information) 
INT10h (1C, Save/Restore Video State) 





VGA 








INT10h (1D...FF, reserved) 











19.1.4 VESA® BIOS Extended Functions 


The VESA SVGA VBE (Video BIOS Extensions, v2.0), PM (Power Management, v1.0), and 
DDC2B (v1.0) functions listed in Table 19-4 are implemented in the CL-GD5465 BIOS. Note that 
Cirrus Logic reference designs supply power to the DB15 connector. 


Table 19-4. CL-GD5465 VBE and PM BIOS Functions 

































































BIOS Function 
VBE INT10 (4F, 00, Return Super VGA Information) 
VBE INT10 (4F, 01, Return Super VGA Mode Information) 
VBE INT10 (4F, 02, Set Super VGA Mode) 
VBE INT10 (4F, 03, Return Current Video Mode) 
VBE INT10 (4F, 04, Save/Restore Super VGA Video State) 
VBE INT10 (4F, 05, CPU Video Memory Window Control) 
VBE INT10 (4F, 06, Set/Get Logical Scanline Length) 
VBE INT10 (4F, 07, Set/Get Display Start) 
VBE INT10 (4F, 08, Set/Get DAC Palette Control) 
VBE INT10 (4F, 09, Set/Get Palette Data — VBE v2.0) 
VBE INT10 (4F, 0A, Return VBE Protected Mode Interface — VBE v2.0) 
PM INT10 (4F, 10, 00, Report VBE/PM Capabilities) 
PM INT10 (4F, 10, 01, Set Display Power State) 
PM INT10 (4F, 10, 02, Get Display Power State) 
DDC INT10 (4F, 15, 00, Report VBE/DDC Capabilities) 
DDC INT10 (4F, 15, 01, Read EDID) 
ppc INT10 (4F, 15, 02, Read VDIF) 
NOTE: This function is not supported. 
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19.1.5 Cirrus Logic-Specific BIOS Functions 


The Cirrus Logic INT10h functions listed in Table 19-5 are implemented in the CL-GD5465 BIOS 
as required. INT10 functions 12, A6, and B3 are new Cirrus Logic functions defined for the 


CL-GD5465. 


Table 19-5. Cirrus Logic BIOS Functions 


CL-GD5465 Technical Reference Manual 












































BIOS Functions 

CIRRUS INT10h (12, 80, Inquire VGA Type) 

CIRRUS INT10h (12, 81, Inquire BIOS Version Number) 
CIRRUS INT10h (12, 82, Inquire Design Revision Code) 
CIRRUS INT10h (12, 85, Return Installed Memory) 
CIRRUS INT10h (12, 9A, Inquire User Options) 
CIRRUS INT10h (12, AO, Query Video Mode Availability) 
CIRRUS INT 10h (12, A1, Read Monitor Type and ID) 
CIRRUS INT10h (12, A2, Set Monitor Type — Horizontal) 
CIRRUS INT10h (12, A4, Set Monitor Type — Vertical) 
CIRRUS INT10h (12, A5, Generic Fix Up) 

CIRRUS INT10h (12, A6, Set/Get Physical Address) 
CIRRUS INT10h (12, A7, Set/Get Memory-Mapped Register) 
CIRRUS INT10h (12, B3, Enable_Tiled_Mode) 

CIRRUS INT10h (12, B5, Get FIFO/Format) 














19.1.6 Mode Switching 


The CL-GD5465 BIOS provides the primary mechanism for switching video modes on the 
CL-GD5465. VGA, VESA/VBE, and Cirrus Logic mode numbers are supported using INT10h (00, 
Set Video Mode) and INT10 (4F, 02, Set Super VGA Mode). 


Switching video modes configures the RDRAM memory in Linear mode. An additional Cirrus 
Logic function call puts the memory into tiled format. The reason for this two-step mode switch is 
that DOS/VBE applications that use the A000 aperture expect to see memory in a linear format 
and will produce wrong results when the memory is tiled. Standard VESA/VBE and SVGA appli- 
cations typically use the memory in the default non-tiled format. High-performance drivers require 
that memory be switched into a tiled format: INT10h (subfunction 12 and B3, Enable_Tiled_Mode). 
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19.1.7 Register Mapping 


The PCI BIOS can map the CL-GD5465 registers above the first Mbyte, precluding the BIOS from 
accessing them during a mode change. The BIOS presumes that the registers are mapped out- 
side the first Mbyte and moves them into the first Mbyte during mode changes. After mode change, 
the BIOS restores the registers to their previous location. The registers are moved to one of three 
base locations — A000h, BOOOh, or B800h — using the following algorithm: 

{ 


Save original register address; 


if (Mode 0-7 switch requested) then 
move registers to AOOO0Oh; 
else if (CGA adapter is present) then 
move registers to BOOOOh; 
else 
move registers to B8000h; 
endif; 
Complete Mode change; 
Restore registers to original address space; 


} 
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19.2 Scratchpad Register Usage 


This section documents the data structures contained in the four 8-bit Scratchpad registers listed 
in Table 19-6 and is subject to change without notice. 


Table 19-6. Scratchpad Registers 











































































































7 6 5 4 2 1 0 
1024 x 768 refresh 800 x 600 refresh Resolution (scanlines) 
SRO9 000 = 43i Hz 000 = 56 Hz 000 = 480 
001 = 60 Hz 001 = 60 Hz 001 = 600 
010 = 70 Hz 010 = 72 Hz 010 = 768 
100 = 75 Hz 011 =75 Hz 011 = 1024 
101 = 85 Hz 100 = 85 Hz 100 = 1200 
7 6 5 4 2 1 0 
9BE 1600 x 1200 refresh 1280 x 1024 refresh 
000 = 48i Hz 
SROA ea net 001 = 60 Hz 000 = 43i Hz 
installed orate Oo ae 1024 x 768 
qs 011 = 70 Hz 010 = 71.2 Hz retresh 
inetalled 100 = 75 Hz 011 = 75 Hz 
ere 101 = 80 Hz 100 = 85 Hz 
110 = 85 Hz 
7 6 5 4 2 1 0 
640 x 480 refresh Pixel depth Memory size 
000 = 1 Mbyte 
SRi4 001 = 2 Mbyte 
00 = 60 Hz 000 = 4 bpp 010 = 3 Mbyte 
01 = 72 Hz 001 = 8 bpp 011 = 4 Mbyte 
10 = 75 Hz 010 = 16 bpp 100 = 5 Mbyte 
11 = 85 Hz 011 = 24, 32 bpp 101 = 6 Mbyte 
110 = 7 Mbyte 
111 = 8 Mbyte 
7 6 5 4 2 1 0 
Linear 
Reserved msde 
SR15 
Windows 
3.1 and 0=VGA 
Window 1 = Linear 
95 
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19.2.1 


19.3 


19.3.1 


DDC Implementation 


The CL-GD5465 BIOS supports the DDC1/2B display type, as specified in paragraph 2.4.2 of the 
VESA DDC Standard, v1.0, revision 0. Also, the CL-GD5465 BIOS implements a host system type 
DDC2B, which is specified in paragraph 2.5.4 of the VESA DDC Standard, v1.0, revision 0. During 
DDC implementation, the following functions are integrated into the CL-GD5465 BIOS: 


e The data is transmitted/received on the DDC2 bidirectional data channel based on the I2C protocol. 

e The BIOS does not implement the ACCESS™ bus protocol. 

e The host requests EDID information and returns it to the application. 

e The BIOS supports configurations two and five as specified in Appendix A of the VESA DDC Standard. 


VGA BIOS 


The CL-GD5465 VGA BIOS is a high-performance firmware product optimized to take full advan- 
tage of the CL-GD5465 VGA controllers. The CL-GD5465 BIOS is based on proven BIOS tech- 
nology, and is fully compatible with the IBM VGA BIOS INT10h interface and the VESA/VBE v2.0 
interface. The BIOS is designed to provide a well-defined interface between MS-DOS, application 
software, and special OEM utility programs. In addition, it provides an extended set of functions to 
support the CL-GD5465 VGA controllers. 


Overview 


The CL-GD5465 VGA BIOS provides high-resolution extended video mode support, direct-color 
operation, high-performance adapter or system board implementation, and system BIOS integra- 
tion and customization. 


Extended Video Mode Support 


The CL-GD5465 VGA BIOS provides full support for all extended high-resolution video modes by 
INT10h function calls. In addition, the CL-GD5465 VGA BIOS supports a variety of extended func- 
tions, such as VGA display configuration and extended VGA inquiry. 


Direct-Color Operation 


The CL-GD5465 BIOS supports Direct-Color and True-Color video modes. These modes allow the 
CL-GD5465 to display 32,768 colors, 65,636 colors, or 16.8 million colors at resolutions of up to 
1024 x 768. 


High Performance 


The CL-GD5465 BIOS is optimized to provide maximum performance in adapter or motherboard 
implementations. The CL-GD5465 local bus, display memory interface, memory clock, and dot 
clock configurations are configurable using the VGA BIOS. 


In addition, time-critical routines, such as TTY output and scroll, are designed to provide maximum 
throughput in both text and graphics modes. 
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19.3.1. 


System Integration 


The CL-GD5465 VGA BIOS is easily integrated for an adapter or motherboard design. The 
32-Kbyte BIOS is provided for both the C000 and E000 address segments. To save space on the 
system board, the CL-GD5465 VGA BIOS is incorporated into the system BIOS ROM at either the 
C000 or E000 address. 


The BIOS does not require DIP switches or external hardware for configuration. A well-defined 
interface to the CL-GD5465 BIOS configuration is available for system BIOS or OEM setup rou- 
tines. 


Customization 


The default CL-GD5465 BIOS is designed for use — without modification — in almost all environ- 
ments. However, the CL-GD5465 BIOS can be easily customized for a specific system environ- 
ment. Modifications are accomplished with the Cirrus Logic OEMSI utility program; such 
modifications do not require the CL-GD5465 VGA BIOS source code. Many of the BIOS parame- 
ters and features can be modified, including: 


e Sign-on message 

e Display type configuration 

e Video mode parameter tables 
e Font tables 

Compatibility 


The CL-GD5465 BIOS is fully compatible with the IBM VGA BIOS and supports BIOS-level com- 
patibility for an adapter card, or integrated VGA on the system board. In addition, the CL-GD5465 
BIOS fully complies with the video modes and specifications issued by VESA. 


1. BIOS Configurations 
The CL-GD5465 VGA BIOS is provided in three formats as shown in Table 19-7. 


Table 19-7. BIOS Formats 














Wakeup : Size 
BIOS Port Location (Kbytes) 

Cooo 32 
PCI - 

E000 64 

Cooo 32 
VESA VL-Bus motherboard 3c3h 

E000 64 

Cooo 32 
VESA VL-Bus adapter 46e8h 

E000 64 
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The following steps are performed by the VGA BIOS at power-up initialization for the segment 
C000, adapter-based VGA BIOS. The VGA BIOS: 


1) 


2) 
3) 
4) 
5) 


6) 


7) 
8) 
9) 
10) 


Checks if VGA BIOS vector INT10h is already installed. If this vector is installed, the VGA BIOS calls the 
INT10h functions to disable the existing VGA card by putting it to sleep. 


Disables VGA video by programming SR1[5] to ‘1’. 
Initializes Video vectors INT10h and INT42h. 
Initializes the CL-GD5465 Extension registers. 
Checks for co-resident MDA video adapter; if MDA is present: 
a) initializes coresident bits 

b) sets up the MDA adapter 

Checks for CGA; if present: 

a) initializes coresident bits 

b) sets VGA to monochrome 

c) enables CGA 

Initializes Rambus memory devices. 

Tests video memory. 

Initializes text mode 3. 


Prints error messages if any POST error flags are set. 


The following steps below are performed by the VGA BIOS at power-up initialization for segment 
E000, adapter-based VGA BIOS. The VGA BIOS: 


1) 


2) 
3) 
4) 
5) 


6) 


7) 
8) 
9) 
10) 
11) 


Checks if VGA BIOS vector INT10h is already installed. If this vector is installed, it calls the INT10h func- 
tions to disable the existing VGA card by putting it to sleep. 


Disables VGA video by programming SR1[5] (Sequencer Clocking Mode register) to ‘1’. 
Initializes video vectors INT10h and INT42H. 

Initializes the CL-GD5465 Extension registers. 

Checks for coresident MDA video adapter; if MDA is present: 
a) initializes coresident bits 

b) sets up the MDA adapter 

Checks for CGA; if present: 

a) initializes coresident bits 

b) sets VGA to monochrome 

c) enables CGA 

Initializes Rambus memory devices. 

Tests video memory. 

Initializes text mode 3. 

Prints error messages, if any POST error flags are set. 


Checks to see if a VGA adapter is also present in the system; if so, disables the motherboard VGA con- 
troller. 
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19.3.2 Video BIOS Interrupt Vectors 


The interrupt vectors that must be initialized by DOS (including the planar and video BIOS) are 
listed in Table 19-15 on page 19-60. Of these, the vectors (at locations 0:0040, 0:0074, 
0000:007C, 0000:0108, 0000:010C, and 0000:01B4) corresponding to vectors 10, 1D, 1F, 42, 43, 
and 6D are handled by the video BIOS. 


Vector 10h, 6Dh — Video Services (Vector Locations, 0000:0040h and 0000:01B4) 


The CL-GD5465 BIOS functions are accessed using INT10h. Application programs place a func- 
tion code in AH and, if required, places calling parameters in other registers, then executes an 
INT10h instruction. When the BIOS gains control, the appropriate code is executed to perform the 
function. Parameter values may be left in processor registers to return to the calling program upon 
exit from the interrupt routine. 


The functions that are supported by the CL-GD5465 BIOS, allow the calling program to set the 
current mode, manipulate the cursor, place characters and individual pixels on the display, scroll 
the screen, and load character fonts and color palette values. These functions are described in 
following sections. 


Vector 1Dh — 6845 Initialization Data (Vector Location 0000:0074H) 


This vector points to the parameter table 6845. 


Vector 1—-h — CGA Character Set (Vector Location 0000:007CH) 


This pointer is used for the table of the upper 128 characters in CGA modes 4, 5, and 6. The 
INT43h vector is used for the lower 128 characters for these modes. 


Vector 42h — Old Video Services Pointer (Vector Location 0000:0108H) 


This location used to be the INT10h vector for planar BIOS video services. When the EGA/VGA is 
installed, BIOS routines reload this address with a pointer to the planar INT10h video service rou- 
tine entry point. 


Vector 43h — Graphics Character Table (Vector Location 0000:010CH) 


BIOS routines use this vector to point to a table of bitmaps that are used when graphics characters 
are displayable. This table is used for the lower 128 characters in Video modes 4, 5, and 6. This 
table is used for 256 characters in all additional graphics modes (both IBM standard and Cirrus 
Logic extensions). 


The INT10h calls constitute the bulk of the services provided by the video BIOS and are described 
in Section 19.3.2.1. They are listed along with the function and subfunction that define the partic- 
ular service required. Note that some INT10h services are introduced with the VGA and are not 
available on the earlier EGA. The services are divided up into functional groupings. 
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19.3.2.1 INT10h: BIOS Video Function Contents 












































Function | Subfunction Description Adapter 
00h Set Video Mode EGA, VGA 
Oth Set Cursor Type EGA, VGA 
02h Set Cursor Position EGA, VGA 
03h Get Cursor Position EGA, VGA 
04h Get Light Pen Position EGA, VGA 
05h Select Active Display Page EGA, VGA 
06h Window Scroll-up EGA, VGA 
07h Window Scroll-down EGA, VGA 
08h Read Character/Attribute at Cursor Position EGA, VGA 
09h Write Character/Attribute at Cursor Position EGA, VGA 
OAh Write Character at Cursor Position EGA, VGA 
OBh 00h Set Background/Border Color EGA, VGA 

Oth Select the Palette Set EGA, VGA 
OCh Write Dot (Pixel) EGA, VGA 
ODh Read Dot (Pixel) EGA, VGA 
OEh Write Teletype Character to Active Page EGA, VGA 
OFh Get Video Mode EGA, VGA 
10h Palette Manipulations EGA, VGA 





Set Individual Palette Register 











on (Internal Palette Register) 

Oth Set OverScan (Border) Register 

02h Set All Palette Registers and OverScan Register 
03h Intensity/Blinking 





04h-06h Reserved 





Read Individual Palette Register 








pm (Internal Palette Register) 
08h Read OverScan (Border) Register 
09h Read All Palette Registers and OverScan Register 


OAh-OFh Reserved 





Set Individual Color Register 


ton (RAMDAC/External Palette Register) 


1th Reserved 
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19.3.2.1. INT10h: BIOS Video Function Contents (cont.) 

















Function | Subfunction Description Adapter 
12h Set Block of Color Registers 
13h Select Color Page 
(not valid in mode 13h) 
14h Reserved 
15h Read Individual Color Register 
(RAMDAC/External Palette Register) 
16h Reserved 
17h Read Block of Color Registers 





18h-19h Reserved 


























1Ah Read Current State of Color Page 
1Bh Sum Color Values to Gray Shades 
11h Character Generator EGA, VGA 
00h Load User Text Font 
Oth Load 8 x 14 ROM Text Font 
02h Load 8 x 8 ROM Text Font 
03h Select Block Specifier 
04h Load 8 x 16 ROM Text Font VGA 
10h Load User Text Font and Reprogram Controller 
{1h Load 8 x 14 ROM Text Font and 


Reprogram Controller 





Load 8 x 8 ROM Text Font and 

















He} Reprogram Controller 
Load 8 x 16 ROM Text Font and 
se Reprogram Controller ven 
20h Set Pointer of User’s Graphics Font Table to 
INT1Fh 
oth Set Pointer of User’s Graphics Font Table to 
INT43h 
29h Set Pointer of 8 x 14 ROM Graphics Font Table to 
INT43h 
23h Set Pointer of 8 x 8 ROM Graphics Font Table to 
INT43h 
Set Pointer of 8 x 16 ROM Graphics Font Table to 
ean INT43h VGA 
30h Get Font Information 
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19.3.2.1. INT10h: BIOS Video Function Contents (cont.) 






































Function | Subfunction Description Adapter 
12h Alternate Select EGA, VGA 

10h Get Configuration Information 

20h Select Alternate PrintScreen Routine 

30h Select Scanlines (AN mode) 

31h Enable/Disable Default Palette Loading 

32h Enable/Disable Video 

33h Enable/Disable Grayscale Summing 

34h Enable/Disable Cursor Emulation 

35h Switch Active Display 

36h Enable/Disable Screen Refresh 

13h Write String in Teletype EGA, VGA 

1Ah Get/Set Display Combination Code VGA 
1Bh Get Functionality/State Information VGA 
1Ch Save/Restore Video State VGA 

1Dh—-FFh Reserved 
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19.3.3 Description of Functions 


19.3.3.1 Function: 00h — Set Video Mode 




















Input: AH = 00h 
AL= video mode (see notes below) 
Output: None 
NOTES: 


1) Table 19-8 specifies standard VGA video modes. 


Table 19-8. Standard VGA Video Modes 



































02h/03h 80 x 25 (640 x 400) Text 

04h/05h 320 x 200 (40 x 25) Graphics 

06h 640 x 200 (80 x 25) Graphics 2 

07h 80 x 25 (720 x 400) Text Monochrome 
O08h-—0Ch Reserved - - 

ODh 320 x 200 (40 x 25) Graphics 16 8 
OEh 640 x 200 (80 x 25) Graphics 16 4 
OFh 640 x 350 (80 x 25) Graphics Monochrome 2 
10h 640 x 350 (80 x 25) Graphics 16 2 
11h 640 x 480 (80 x 25) Graphics 2 1 
12h 640 x 480 (80 x 25) Graphics 16 1 
13h 320 x 200 (40 x 25) Graphics 256 1 














2) If bit 7 of AL is set, the display buffer is not cleared. Otherwise, the display buffer is cleared during mode 
setting (EGA, VGA only) (clear screen). 


3) No hardware cursor in graphics modes. 
4) Default mode during POST: mode 3h = color monitor; mode 07h = monochrome monitor. 


5) There is no difference between modes 00h and Oth, 02h and 03h, or 05h and 06h on EGA/VGA. They 
are only different on CGA, which supports composite video displays. 


6) The default settings of each Video mode can be overridden by several supplantations in Function 12h 
or by the supply user’s video service table; the supply user's video service table address is stored in 
BIOS data area 0040:A8h. 


7) See Table 19-2 on page 19-3 for a list of Cirrus Logic mode numbers. 
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19.3.3.2 Function: 01h — Set Cursor Type 




















Input: AH = Oth 
CH = Start scanline of cursor (0 base) 
CL= End scanline of cursor (0 base) 
Output: None 
NOTES: 


1) This function is only available in text modes. The values of cursor type are stored at [40:60]. 
2) Table 19-9 shows the definition of value in register CH. 


Table 19-9. CH Register Value Definition 





Bit Definition 
7:6 Reserved = 0 
5 1 = No cursor display 


0 = Normal blinking cursor 











4:0 Start scanline (0 base) 











3) Table 19-10 shows the definition of value in register CL. 


Table 19-10. CL Register Value Definition 








Bit Definition 

7 Reserved = 0 

6:5 Number of character skew 
4:0 End scanline (0 base) 

















4) Table 19-11 shows the default settings. 


Table 19-11. Default Settings 








Bek Start End 
8x8 6 7 
8x 14 11 12 
8x16 13 14 




















5) To allow cursor displaying as the values set in the function call, turn off cursor emulation. The Cursor 
Emulation flag is located in bit 0 of [40:87]. Turn it on/off with subfunction 34h of function 12h call. 
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19.3.3.3 Function: 02h — Set Cursor Position 


Display page (0 base) 


Row number of cursor location start (0 base) 


Column number of cursor location end (0 base) 








NOTES: 
1) This function is available for both text and graphics modes. 


2) If register DL is specified greater than the width of the screen in the display area, this causes the cursor 
to wrap to the next row. If register DH is specified greater than the height of the screen in the display 
area, this causes the cursor to disappear. 


3) Default setting for each mode: cursor location at 0000h. 
4) BIOS maintains one cursor location for each page and supports up to eight pages. These values are 
recorded at [40:50] and occupy eight words (one word for each location). 


19.3.3.4 Function: 03h — Get Cursor Position 





Input: AH = 03h 
BH = Display page (0 base) 
Output: CH = Start scanline of cursor (0 base) 
CL= End scanline of cursor (0 base) 
DH = Row number of cursor start location (0 base) 
DL= Column number of cursor end location (0 base) 














NOTE: Cursor type is same for all pages. The cursor location of each page is maintained separately. 
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19.3.3.5 Function: 04h — Get Light Pen Position 




















Input: AH = 04h 

Output: AH = 00h Light pen inactive 
or 
AH = Oth Light pen active and returns following values 
BX = Pixel column (X coordinate in graphics modes (0 base)) 
CX = Pixel row (Y coordinate in graphics modes above mode 06h (0 base)) 
CH = Pixel row (Y coordinate in graphics modes 04h—06h (0 base)) 
DH = Character row (Y coordinate in text modes (0 base)) 
DL = Character column _—_ (X coordinate in text modes (0 base)) 

NOTES: 


1) The color of background and foreground affects the sensitivity of the light pen. 
2) High-resolution device affects the accuracy of the light pen. 
3) This function is not supported. 


19.3.3.6 Function: 05h — Select Active Display Page 

















Input: AH = 05h 
AL= Display page (0 base) 
Output: None 
NOTES: 


1) The contents of each page are not altered by changes to other pages. 
2) Please refer to the video mode table of function OOh. 
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19.3.3.7 Function: 06h — Window Scroll Up 
Input: AH = 06h 
AL= Number of rows to be scrolled up (0 = scroll up and clear entire window) 
BH = Attribute used when inserting blank lines 
CH = Y coordinate of top left corner of window (0 base) 
CL= X coordinate of top left corner of window (0 base) 
DH = Y coordinate of bottom right corner of window (0 base) 
DL= X coordinate of bottom right corner of window (0 base) 
Output: None 
NOTES: 
1) This function clears the entire window when it encounters the number of rows of window equal to the 
value in register AL or when AL = 0. 
2) The image outside the window is not changed and the cursor is not updated. 
3) Whenever an old line at the top of window is scrolled out of window, a new blank line (with the attribute 
value specified in BH) is inserted from the bottom of the window. 
4) This function is available for both text and graphics modes. 
19.3.3.8 Function: 07h — Window Scroll Down 
Input: AH = 07h 
AL= Number of rows to be scrolled down (0 = scroll down and clear entire window) 
BH = Attribute to be used in inserting blank lines 
CH = Y coordinate of top left corner of window (0 base) 
CL= X coordinate of top left corner of window (0 base) 
DH = Y coordinate of bottom right corner of window (0 base) 
DL= X coordinate of bottom right corner of window (0 base) 
Output: None 
NOTES: 
1) This function clears the entire window when it encounters the number of rows of window equal to the 
value in register AL or when AL = 0. 
2) The image outside the window is not changed and the cursor is not updated. 
3) Whenever an old line at the bottom of window is scrolled out of window, a new blank line (with the 
attribute value specified in BH) is inserted from the top of the window. 
4) This function is available for both text and graphics modes. 
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19.3.3.9 Function: 08h — Read Character/Attribute at Cursor Position 
Input: AH = 08h 
BH = Display page (0 base) 
Output: AH = Attribute (valid in text modes) 
AL = ASCII character code 
NOTES: 


1) 


ho 


iN 


) 
3) 
) 


5) 


6) 


This function is able to read data from other valid inactive pages in multiple page modes at any time. 
After reading a character from the screen, the cursor is not updated and must be moved manually. 
No control characters (such as LF, CR, BACKSPACE, and BELL) are recognized. 


In graphics modes 04h—06h of CGA adapter, the first half of the character font (code O0O0h—7Fh) is only 
maintained in system ROM. To support the second half of the character font (code 80h—FFh), the inter- 
rupt vector 1Fh at 0000:007Ch, must be initialized to point to the second half of the character font. 


Graphics modes only return the character code. The three characters, 00h, 20h, and FFh, cannot be 
distinguished, and the function always reads them back as character code OOh. 


The character codes are read back as character code 00h when they are written with the same color in 
background color in graphics modes. 


19.3.3.10 Function: 09h — Write Character/Attribute at Cursor Position 

















Input: AH = 09h 
AL = ASCIl character code 
BH = Display page (0 base) 
or 
BL = Attribute (text modes) 
Display color (graphics 
modes) 
CX = Repeat character count 
Output: None 
NOTES: 


1) 


ho 


) 
3) 
) 


iN 


This function can write data to other valid inactive pages in multiple page modes at any time. 
After reading a character from the screen, the cursor is not updated, and must be moved manually. 
No control characters (such as, LF, CR, BACKSPACE, and BELL) are recognized. 


In graphics modes 04h—06h of the CGA adapter, the first half of the character font (code O0h—7Fh) is 
only maintained in system ROM. To support the second half of the character font (code 80h—FFh), the 
interrupt vector, 1Fh at 0000:007Ch, must be initialized to point to the second half of the character font. 


In graphics modes, the color (attribute) is treated as pixel color to generate an ASCII character pattern. 
The color value is masked according to the number of colors in the video modes. 


The character codes are displayed as blank when they are written with the same color in the background 
color in graphics modes. 


Copyright 1997 — Cirrus Logic Inc. 19-23 May 1997 


BIOS SPECIFICATION CL-GD5465 Technical Reference Manual 




















7) The characters written to the screen (specified in CX) should not extend to the next row in graphics 
modes or invalid results are generated. 

8) If bit 7 of register BL is set, the function takes the color value XOR with the value in display memory 
(valid in all graphics modes except mode 13h). Use this feature in fast character/dot erasing. 

19.3.3.11 Function: 0Ah — Write Character at Cursor Position 
Input: AH = OAh 
AL= ASCIl character code 
BH = Display page (0 base) 
or 
BL = Foreground color (graphics modes does not) 
CX = Repeat character count 
Output: None 

NOTES: 

1) This function can write data to other valid inactive pages in multiple page modes at any time. 

2) After reading a character from the screen, the cursor is not updated and must be moved manually. 

3) No-control characters (such as, LF, CR, BACKSPACE, and BELL) are recognized. 

4) In graphics modes 04h-06h of the CGA adapter, the first half of the character font (code 0O0h—7Fh) is 
only maintained in system ROM. To support the second half of the character font (code 80h—FFh), the 
interrupt vector, 1Fh at 0000:007Ch, must be initialized to point to the second half of the character font. 

5) In graphics modes, the color (attribute) is treated as pixel color to generate an ASCII character pattern. 
The color value is masked according to the number of colors in the video modes. 

6) The character codes are displayed as blank when they are written with the color same as background 
color in graphics modes. 

7) The characters written to screen (specified in CX) should not extend to next row in graphics modes or 
invalid results are generated. 

8) If bit 7 of register BL is set, the function takes the color value XOR with the value in display memory 
(valid in all graphics modes except mode 13h). This feature is applicable in fast character/dot erasing. 
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19.3.3.12 Function: OBh 
Subfunction: 00h — Set Background/Border Color 





Input: AH = OBh 
BH = 00h 


Color value (0-31: low-intensity colors = 0-15, 














oe high-intensity colors = 16-31) 
Border color for text modes (modes 00h—03h) 
Color for 640 x 200 graphics mode (mode 06h) 
Output: None 





NOTES: 
1) There are several functions in function 10h that allow extensive display-color control for both text and 
graphics modes. 


Subfunction: 01h — Select Palette Set 





Input: AH = OBh 
BH = Oth (valid on modes 04h and 05h, 320 x 200 only) 
BL= 0 — palette set: Background, Green, Red, Brown 
BL = 1 — palette set: Background, Cyan, Magenta, White 
Output: None 

















NOTE: For the CGA adapter, the palette set is defined as shown in Table 19-12. 
Table 19-12. CGA Palette Set 


Mode BL Palette Set 


04h 00h Background, Green, Red, Yellow 





Oth Background, Cyan, Violet, White 








05h 00/01h Background, Cyan, Red, White 
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19.3.3.13 Function: 0OCh — Write Dot (Pixel) 




















Input: AH= OCH 
AL= Color value for pixel (bit 7 is XOR flag) 
BH = Display page (0 base) 
CX = X coordinate, column number (0 base) 
DX = Y coordinate, row number (0 base) 
Output: None 
NOTES: 


1) For the coordinate range, refer to the resolution field of the video mode in Table 19-8 on page 19-18 in 
function OOh. 


2) If bit 7 of AL register is set, it causes the requesting color value XOR’ed with memory color value. 


19.3.3.14 Function: ODh — Read Dot (Pixel) 





Input: AH = ODH 
BH = Display page (0 base) 
CX = X coordinate, column number (0 base) 
DX = Y coordinate, row number (0 base) 
Output: AL= Dot (Pixel) color 














NOTE: For the coordinate range, refer to the resolution field of the video mode in Table 19-8 on page 19- 
18 in function OOh. 


19.3.3.15 Function: O0Eh — Write Character to Active RAM in Teletype Mode 




















Input: AH = OEH 
AL= ASCII character 
BL = Foreground color in graphics modes 
Output: None 
NOTES: 


1) Control characters such as LF, CR, Backspace, and BELL are recognized. The ASCII codes are: 
LF = OAH, CR = ODH, Backspace = 08H, and BELL = 07H. 


2) Line wrapping and screen scrolling are supported. 

3) After writing a character to the screen, the cursor is moved to next position. 

4) Ifthe PC BIOS version is 10/19/81 or earlier, set register BH to ‘0’. 

5) If bit 7 of the register is set in graphics modes, the color value in register BL is XOR’ed with the contents 


of display memory. 
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6) In text modes, the attribute of a character written to a new line is taken from the attribute of the last char- 
acter in the previous line. To control the attribute for a character, use function 09h with blank charac- 
ter/attribute before the function issued. 


19.3.3.16 Function: OFh — Get Video State 





Input: AH = OFh 

Output: AH = Number of displayable columns (1 base) 
AL = Current video mode 
BH = Current active page (0 base) 








19.3.3.17 Function: 10h 
Subfunction: 00h — Set Individual Palette Register (Internal Palette Register) 




















Input: AH = 10h 
AL= 00h (subfunction) 
BH = Color value 
BL = Palette register (O—OFh) 
Output: None 
NOTES: 
1) arte value in the Internal Palette register serves as a pointer to one of the External registers (RAM- 


2) In mode 13h, the color is not changed by this function. 


Subfunction: 01h — Set (Border) Register 











Input: AH = 10h 

AL= 01h (subfunction) 

BH = Color value (OOh—-FFh) 
Output: None 











NOTE: The border color is driven by one of the 256 External registers. 
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Subfunction: 02h — Set All Palette Registers and OverScan Register 


Input: AH = 10h 
AL= 02h (subfunction) 
ES:DX= Point to a 17-byte buffer 














Output: None 








NOTES: 
1) The first 16 bytes in the buffer store the values for the 16 Internal Palette registers. The last byte is the 
value for OverScan register. 


2) The display color is not affected, except for the OverScan register on mode 13h. 


Subfunction: 03h — Toggle Intensify/Blinking Bit 




















Input: AH = 10h 
AL= 03h (subfunction) 
BL = 00h — intensify 
01h — blinking 
Output: None 
NOTES: 


1) Bit 7 of the attribute byte is interpreted according to the setting state by this function. This function can 
provide 16 background colors (in intensify state) of 16-color text modes. 


2) This function also supports Monochrome modes (07h and OFh). 
Subfunction: 4-6h — Reserved 


Subfunction: 07h — Read Individual Palette Register (Internal Palette Register) 











Input: AH = 10h 

AL= 07h (subfunction) 

BL = Palette register (O—OFh) 
Output: BH = Color value 











NOTE: Thecolor value in the Internal Palette register serves as a pointer to one of the External registers 
(RAMDAC). 
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Subfunction: 08h — Read OverScan (Border) Register 








Input: AH = 10h 
AL= 08h (subfunction) 
Output: BH = Color value 














NOTE: The border color is from OOh—-FFh. 


Subfunction: 09h — Read All Palette Registers and OverScan Register 

















Input: AH = 10h 
AL= 09h (subfunction) 
ES: DX = Point toa 17-byte buffer. The first 16 bytes for returning values from the 16 Internal 
Palette registers, respectively, and the last byte for the OverScan register. 
Output: ES:DX= Point to the same buffer that is provided from the entry of function call. 
Subfunction: 0A-OFh — Reserved 


Subfunction: 10h — Set Individual Color Register (RAMDAC/External Palette Registers) 

















Input: AH = 10h 
AL = 10h (subfunction) 
BX = Color register (OOh-FFh) 
DH = Red color 
CH = Green color 
CL = Blue color 

Output: None 

NOTES: 


1) Each color has only six significant bits. Three colors, red, green, and blue, are formed into an 18-bit data 
block stored in the Color register. 


2) The maximum number of displayable colors is 256 out of 256-Kbyte colors (two exponential 18). 
3) In standard VGA, mode 13h uses all 256-Color registers to display colors. 


4) Whenever function 00h (Set Video Mode) is called, the BIOS loads default values into the Color regis- 
ters. This is only true when the disable flag of the default palette loading is not set (refer to subfunction 
31h of function 12h). 


5) With the gray-summing flag set, the value returned for all three colors is the grayshade value. 
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Subfunction: 11h — Reserved 


Subfunction: 12h — Set Block of Color Registers 




















Input: AH = 10h 
AL = 12h (subfunction) 
BX = Start Color register (OOh—FFh) 
CX = Number of color registers to set 
ES:DX= Point to table of color values (each table entry is in RGB format) 
Output: None 
NOTES: 


Each color only has six significant bits. Three colors, red, green, and blue, are formed into an 18-bit data 
block stored in the Color register. 


The number of maximum displayable colors is 256 out of 256-Kbyte colors (2 exponential 18). 
In standard VGA, mode 13h uses all 256-Color registers to display colors. 


Whenever function 00h (Set Video Mode) is called, BIOS loads default values into the Color registers. 
This is only true when the disable flag of the default palette loading is not set (refer to subfunction 31h 
of function 12h). 


With the gray-summing flag set, the value returned for all three colors is the grayshade value. 


Subfunction: 13h — Select Color Page (Not valid on Mode 13h) 


Input: AH = 10h 
AL = 13h (subfunction) 
BL = 00h (select paging mode) 
BL = 01h (select color page) 
When BL = 00h: 
BH = 00h (select 4 pages of 64-color register page) 


Oth (select 16 pages of 16-color register page) 





When BL = 01h: 
BH = Color page number (0 base) 
Output: None 

















NOTES: 


1) 
2) 


3) 
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Except for 256-Color modes, all video modes are supported by the function. 


This function considers all 256-Color registers as sets of 16- or 64-color registers. It can quickly display 
different colors by switching among color sets (pages). 


After the video mode is set, the default setting is page 0 of 64-color Page mode. Normally, function 00h 
(Set Video Mode) loads the default colors of the first 64-color registers (page OOh). These are loaded 
for all standard VGA modes, except mode 13h (248 registers loading). 
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Subfunction: 14h — Reserved 


Subfunction: 15h — Read Individual Color Register (RAMDAC/External Palette 








Registers) 
Input: AH = 10h 
AL = 15h (subfunction) 
BX = Color register (OOh—FFh) 
Output: DH = Red color 
CH = Green color 
CL = Blue color 








NOTES: 


1) The maximum number of displayable colors is 256 out of 256-Kbyte colors (two exponential 18). 
2) Instandard VGA, mode 13h uses all the 256-Color registers to display colors. 


3) With the gray-summing flag set, the value returned for all three color elements of the color register is 
the grayshade value. 


Subfunction: 16h — Reserved 


Subfunction: 17h — Read Block of Color Registers 











Input: AH = 10h 
AL = 17h (subfunction) 
BX = Start Color register (OOh—FFh) 
CX = Number of color registers to read 
ES:DX = Point to user provided buffer for returned color values 
Output: ES:DX= Point to same buffer from function call entry (buffer is treated as a color table and 
each entry of the table consists of three bytes in RGB format). 








NOTES: 
1) Each color is a 6-bit value. All three colors form an 18-bit data block. 
) The maximum colors displayable are 256 out of 256-Kbyte colors (two exponential 18). 
3) In standard VGA, mode 13h uses all the 256-Color registers to display colors. 
) 


Whenever function 00h (Set Video Mode) is called, the BIOS loads default values into the Color regis- 


ters. This is only true when the disable flag of the default palette loading is not set (refer to subfunction 
31h of function 12h). 


5) With the gray-summing flag set, the value returned for all three colors is the grayshade value. 


Po 


iN 
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Subfunction: 18-19h — Reserved 
Subfunction: 1Ah — Read Current State of Color Page (Not valid on Mode 13h) 





Input: AH = 10h 
AL= 1Ah (subfunction) 

Output: BH = Current page (value depends on Page mode; 00h is default) 
BL = Current Page mode 


00h = 4 pages of the 64-Color registers (default) 


01h = 16 pages of the 16-color registers 

















NOTES: 
1) Except 256-Color, all video modes are supported by the function. 


2) This function treats the 256-Color registers as sets of the 16- or 64-Color registers. It can quickly display 
different colors by switching among color sets (pages). 


3) After the Video mode is set, the default setting is page OOh of 6-color page mode. 


Subfunction: 1Bh — Sum Color Values to Grayshades 


10h 
1Bh (subfunction) 


Start Color register (QOh—FFh) 


Number of color registers to sum 








NOTE: _ This function combines the required Color registers into grayshade values, regardless of the gray- 
summing flag. 
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19.3.3.18 Function: 11h 


Subfunction: 00h — Load User Text Font 























Input: AH = 11th 
AL= 00h (subfunction) 
BH = Number of bytes per character 
BL = Block to load (O0h—07h) 
CX = Number of characters to store 
DX = ASCII character ID of the first character in the font table (ES: BP) 
ES:BP = Point to user-provided font table 

Output: None 

NOTES: 


1) 


2) 


This function is only available for text modes. The value in register BH represents the height of each 
character. The value can be specified a maximum of 32-bytes-per-character in standard VGA specifica- 
tion. 


In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts at 
any time, and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 


a) Load fonts into desired blocks. 


b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 
else, 
bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 


Default setting by the BIOS loads a font into block 0, which is used for both primary font and secondary 
font (256 displayable characters). 


Since the controller is not reprogrammed and abnormal character display can occur, the font loading by 
subfunction 00h requires caution. For example, if a font table is loaded to override the font in a block, a 
double image may result — especially when the loaded font size is smaller than the one previously dis- 
played. 
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Subfunction: 01h — Load 8 x 14 ROM Font 




















Input: AH = 11h 
AL = 01h (subfunction) 
BL = Block to load (OOh—07h) 
Output: None 
NOTES: 


This subfunction actually loads an 8 x 16 font. 
This function is only available for text modes. 
The height of character is 14 bytes, but the height of display cell is same as default setting. 


In VGA, the character font is loaded into RAM map 2 (0 base), which can contain up to eight fonts at 
any time and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 


a) Load fonts into desired blocks. 


b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 


Default setting by the BIOS loads a font into block 0, which is used for both primary font and secondary 
font (256 displayable character). 


Since the controller is not reprogrammed and abnormal character display can occur, the font loading by 
subfunction 00h requires caution. For example, if a font table is loaded to override the font in a block, a 
double image can result — especially if the loaded font size is smaller than the one previously displayed. 


Subfunction: 02h — Load 8 x 8 ROM Font 




















Input: AH = 11h 
AL= 08h (subfunction) 
BL = Block to load (OOh—07h) 
Output: None 
NOTES: 
1) This function is only available for text modes. 
2) The height of the character is 8 bytes, but the height of the display cell is the same as the default setting. 
3) In VGA, the character font is loaded into RAM map 2 (0 base), which can contain up to eight fonts at 
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any time and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 
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4) Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 


a) Load fonts into desired blocks. 


b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction OOh of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 
else, 
bit 3 = 1— secondary font selected and intensity display (16 foreground colors) 


5) Default setting by the BIOS loads a font into Block 0, which is used for both primary font and secondary 
font (256 displayable characters). 


6) Since the controller is not reprogrammed and abnormal character display can occur, the font loading by 
subfunction 00h requires caution. For example, if a font table is loaded to override the font in a block, a 
double image can result (especially if the loaded font size is smaller than the one previously displayed). 


Subfunction: 03h — Select Block Specifier 




















Input: AH = 11h 
AL= 03h (subfunction) 
BL = Selection of character generator blocks 
Output: None 
NOTES: 


1) The definition of the value in register BL is shown in Table 19-13. 


Table 19-13. Register BL Value 






Blocks 





4,1,0 Primary font 0Oh-07h 





5, 3,2 Secondary font 00h-07h 

















2) For EGA-compatible operation, bits 1:0 are for the primary font, and bits 3:2 for the secondary font. 


3) To retain eight consistent colors during 512-character display, the subfunction 00h of function 10h must 
be called first, in the following setting: 


AX = 1000h, BX = 0712h 
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Subfunction: 04h — Load 8 x 16 ROM Font 




















Input: AH = 11h 
AL = 04h (subfunction) 
BL = Block to load (OOh—07h) 
Output: None 
NOTES: 


1) This function is only available for text modes. 
2) The height of character is 16 bytes, but the height of the display cell is the same as the default setting. 


3) In VGA, the character font is loaded into RAM Map 2 (0 base), which can contain up to eight fonts at 
any time and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 


4) Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 


a) Load fonts into desired blocks. 
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b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 
Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 


else, 


bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 


5) Default setting by the BIOS loads a font into block 0, which is used for both the primary and secondary 
fonts (256 displayable characters). 


6) Since the controller is not reprogrammed and abnormal character display can occur, the font loading by 
Subfunction 00h requires caution. For example, if a font table is loaded to override the font in a block, a 
double image can result (especially if the loaded font size is smaller than the one previously displayed). 
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Subfunction: 10h — Load User Text Font and Reprogram Controller 




















Input: AH = 11h 
AL = 10h (subfunction) 
BH = Number of bytes per character 
BL = Block to load (00h-07h) 
CX = Number of characters to store 
DX = ASCII character ID of the first character in the font table (ES: BP) 
ES:BP = Point to user-provided font table 
Output: None 

NOTES: 

1) This function is only available for text modes. 

2) The value in the BH register represents the height of each character. It can be specified a maximum of 
32-bytes per character in standard VGA specification. 

3) In VGA, the character font is loaded into RAM map 2 (0 base), which can contain up to eight fonts at 
any time, and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 

4) Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 

a) Load fonts into desired blocks. 

b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 

c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 
else, 
bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 

5) Default setting by the BIOS loads a font into block 0, which is used for both primary font and secondary 
font (256 displayable characters). 

6) Subfunction 10h is almost identical to subfunction 00h, except for the following differences: 


a) 
b) 
Cc) 


d) 


Page 00h must be active. 
The character height (bytes-per-character) is recalculated. 


The number of rows (0 base) is recalculated as: 
(scanlines per screen + character height) — 1. 


The length of the display buffer is recalculated as: 
(total number of rows x total number of columns) x 2 (1 base). 
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e) The CRTC registers are reprogrammed as: 


Index Register Name Change 
09h Maximum Scanlines Character height — 1 
OAh Cursor Start Character height — 2 
OBh Cursor End Character height — 1 
12h Vertical Display Enable End 
For 350 or 400 scanline modes: (Rows per screen x Character height) — 1 
For 200 scanline modes: [(Rows per screen x Character height) x 2] — 1 
14h Underline Location (mode 07h only) Character height — 1 


f) It must be called immediately after a function 00h call (Set Video Mode), otherwise the result is 
unpredictable. 


Subfunction: 11h — Load 8 x 14 ROM Font and Reprogram Controller 




















Input: AH = 11h 
AL = 11h (subfunction) 
BL = Block to load (OOh—08h) 
Output: None 
NOTES: 
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This subfunction actually loads an 8 x 16 font. 
This function is only available for text modes. 
The character and display cells are both 14 bytes high (scanlines). 


In VGA, the character font is loaded into RAM map 2 (0 base), which can contain up to eight fonts at 
any time and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 


a) Load fonts into desired blocks. 


b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 
else, 
bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 


Default setting by the BIOS loads a font into block 0, which is used for both primary font and secondary 
font (256 displayable characters). 


Subfunction 11h is almost identical to subfunction 01h, except for the following differences: 
a) Page 00h must be active. 

b) The character height is 14. 

c) The number of rows (0 base) is recalculated as: 
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(scanlines per screen + character height) — 1 


d) The length of the display buffer is recalculated as: 
(total number of rows x total number of columns) x 2 (1 base) 


e) The CRTC registers are reprogrammed as: 


Index Register Name Change 
09h Maximum Scanlines 13 (ODh) 
OAh Cursor Start 13 (ODh) 
OBh Cursor End 13 (ODh) 
12h Vertical Display Enable End (Rows per screen x 14) — 1 
14h Underline Location (mode 07h only) 13 (ODh) 


f) It must be called immediately after a function 00h call (Set Video Mode) or the result is unpredict- 
able. 


Subfunction: 12h — Load 8 x 8 ROM Font and Reprogram Controller 


Input: AH = 11h 


AL= 12h (subfunction) 
BL= Block to load (OOh—07h) 








Output: None 














NOTES: 


1) 
2) 
3) 


4) 


This function is only available for text modes. 
The height of character and display cell are all eight bytes (scanlines). 


In VGA, the character font is loaded into RAM map 2 (0 base), which can contain up to eight fonts at 
any time and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 
a) Load fonts into desired blocks. 


b) Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


c) Bit3 ofthe attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 
else, 
Bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 


Default setting by the BIOS loads a font into block 0, which is used for both primary font and secondary 
font (256 displayable characters). 


Subfunction12h is almost identical to subfunction 02h, except for the following differences: 
a) Page 00h must be active. 
b) The character height is 8. 


c) The number of rows (0 base) are recalculated as: 
(scanlines per screen + character height) — 1 
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The length of the display buffer is recalculated as: 
(Total number of rows x Total number of columns) x 2 (1 base). 


The CRTC registers are reprogrammed as: 


Index Register Name Change 
09h Maximum Scanlines 7 (07h) 
OAh Cursor Start 6 (06h) 
OBh Cursor End 7 (07h) 
12h Vertical Display Enable End (Rows per screen x 8) — 1 
14h Underline Location (mode 07h only) 7 (07h) 


It must be called immediately after a function OOh call (Set Video Mode) or the result is unpredict- 
able. 


Subfunction: 14h — Load 8 x 16 ROM Font and Reprogram Controller 




















Input: AH = 11h 
AL = 14h (subfunction) 
BL = Block to load (OOh—07h) 
Output: None 
NOTES: 


1) 
2) 
3) 


4) 


May 1997 


This function is only available for text modes. 
The height of character and display cell are all 16 bytes (scanlines). 


In VGA, the character font is loaded into RAM map 2 (0 base), which can contain up to eight fonts at 
any time and is only available for the character generator. Consequently, the block value specified in 
register BL ranges from 00h (default) to 07h. 


Two out of eight character fonts can be used at any time. This provides 512 simultaneously displayable 
characters instead of 256 characters. To display two different fonts at one time: 


a) 
b) 


Cc) 


Load fonts into desired blocks. 


Out of eight font blocks, subfunction 03h (Select Block Specifier) of function 11h is called to select 
two different font blocks — one for primary font and the other for secondary font. 


Bit 3 of the attribute byte serves as the font block selector and foreground intensity for the character. 
Bit 3 = 0 — primary font selected and normal display (eight foreground colors) if subfunction 00h of 
function 10h is called with BX = 0712h. 

Bit 3 = 1 — secondary font selected and normal display (eight foreground colors) 

else, 

Bit 3 = 1 — secondary font selected and intensity display (16 foreground colors) 


Default setting by the BIOS loads a font into block 0, which is used for both primary font and secondary 
font (256 displayable characters). 


Subfunction 14h is almost identical to subfunction 04h except for the following differences: 


a) 
b) 
c) 


d) 


Page 00h must be active 
The character height is 16 


The number of rows (0 base) are recalculated as: 
(scanlines per screen + character height) — 1 


The length of the display buffer is recalculated as: 
(Total number of rows x Total number of columns) x 2 (1 base). 
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e) The CRTC registers are reprogrammed as follows: 


Index Register Name 
09h Maximum Scanlines 
OAh Cursor Start 
OBh Cursor End 
12h Vertical Display Enable End 
14h Underline Location 


(mode 07h only) 


BIOS SPECIFICATION 


Change 

15 (OFh) 

14 (OEh) 

15 (OFh) 

(Rows per screen x 16) — 1 
15 (OFh) 


f) It must be called immediately after a function 00h call (Set Video Mode) or the result is unpredict- 


able. 


Subfunction: 20h — Set Pointer of User’s Graphics Font Table to INT1Fh 




















Input: AH = 11h 
AL = 20h (subfunction) 
ES:BP = Point to user’s graphics font table 
Output: None 
NOTES: 


1) The value in this interrupt vector serves as a pointer to the graphics font table for character codes 
(80h—FFh) in modes 04h, 05h, and O6h. 


2) Inthe CGA adapter, the planar BIOS only provides 128 character codes (OOh—7Fh). The user can supply 
the other half of character codes (80h—FFh), or use the GRAFTABL utility in DOS to load these charac- 


ter codes. 


3) This function must be called immediately after setting the Video mode. 
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Subfunction: 21h — Set Pointer of User’s Graphics Font Table to INT43h 


Input: AH = 11h 
AL = 21h (subfunction) 
BL = Character rows specifier 


00h = Value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 
CX = Bytes per character 
DL= Number of character rows (if register BL = 00h) 


ES:BP = Point to user’s graphics font table 











Output: None 








NOTES: 


1) The value in this interrupt vector serves as a pointer to the graphics font table for character codes 
(OOh—7fh) in modes 04h, 05h, and O6N. In all other graphics modes, the vector also handles the graphics 
font for character codes (OOh—FFh). 


2) This function should only be called immediately after setting the Video mode. 

3) The portion of character rows above displayable rows are not displayed unless it is scrolled up. 

4) The overlapping screen can occur in video modes that use all display memory addresses, such as mode 
3h. 
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Subfunction: 22h — Set Pointer of ROM 8 x 14 Graphics Font Table to INT43h 


Input: AH = 11h 
AL = 22h (subfunction) 
BL= The specifier of character rows on screen 


00h = value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 48 (2Bh) character rows 


DL= Number of character rows to display (if register BL = 00h) 








Output: None 














NOTES: 


1) 
2) 


This actually sets the pointer of an 8 x 16 font table. 


The value in this interrupt vector serves as a pointer to the graphics font table for character codes 
(OOh—7fh) in modes 04h, O5h, and O6h. In all other graphics modes, the vector also handles the graphics 
font for character codes (OOh—FFh). 


This function should only be called immediately after setting the Video mode. 
The portion of character rows above displayable rows are not displayed unless it is scrolled up. 


The overlapping screen may occur on video modes that use all display memory addresses, such as 
mode 13h. 


Subfunction: 23h — Set Pointer of ROM 8 x 8 Graphics Font Table to INT43h 





Input: AH = 11h 
AL = 23h (subfunction) 
BL= Specifier of character rows on screen 


00h = value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 


DL= Number of character rows to display (if register BL = 00h) 





Output: None 

















NOTES: 


1) 


2) 
3) 


The value in this interrupt vector serves as a pointer to the graphics font table for character codes 
(OOh—7Fh) in modes 04h, 05h, and O6h. In all other graphics modes, the vector also handles the graph- 
ics font for character codes (OOh—FFh). 


This function should only be called immediately after setting Video mode. 
The portion of character rows above displayable rows are not displayed unless it is scrolled up. 
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4) The overlapping screen can occur on video modes that use all display memory addresses, such as 
mode 13h. 


Subfunction: 24h — Set Pointer of ROM 8 x 16 Graphics Font Table to INT43h 


Input: AH = 11h 
AL = 24h (subfunction) 
BL= Specifier of character rows on screen 


00h = value in register DL (the number of displayable rows specified by user) 
01h = 14 (OEh) character rows 
02h = 25 (19h) character rows 
03h = 43 (2Bh) character rows 


DL= Number of character rows to display (if register BL = 00h) 











Output: None 








NOTES: 


1) The value in this interrupt vector serves as a pointer to the graphics font table for character codes 
(OOh—7fh) in modes 04h, 05h, and O6N. In all other graphics modes, the vector also handles the graphics 
font for character codes (OOh—FFh). 


2) This function should only be called immediately after setting the Video mode. 
3) The portion of character rows above displayable rows are not displayed unless it is scrolled up. 


4) The overlapping screen can occur on video modes that use all display memory addresses, such as 
mode 13h. 


Subfunction: 30h — Get Pointer Information of Fonts 





Input: AH = 11h 
AL= 30h (subfunction) 
BH = Pointer information of fonts 


00h = current font pointer stored in interrupt vector 1Fh 

01h = current font pointer stored in interrupt vector 43h 

02h = font pointer of ROM 8 x 16 font table 

03h = font pointer of ROM 8 x 8 font table (character codes 00h—7fh) 
04h = font pointer of ROM 8 x 8 font table (character codes 80h—FFh) 
05h = font pointer of ROM 8 x 16 alternate font table 

06h = font pointer of ROM 8 x 16 font table 








07h = font pointer of ROM 9 x 16 alternate font table 
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Output: CX = Current character height (bytes per character) 
DL= Number of rows of current video mode (0 base) 
ES:BP = Pointer information of desired font 
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19.3.3.19 Function: 12h 


Subfunction: 10h — Get Current Video Configuration 








Input: AH = 12h 
BL= 10h (subfunction) 
Output: BH = 00h = Color mode (3Dx) 


01h = Monochrome mode (3Bx) 
BL = Video memory size 

00h = 64 Kbytes 

01h = 128 Kbytes 

02h = 192 Kbytes 

03h = 256 Kbytes 












































CH = Feature Bits Pre eon Renislee : 
(0-—3C2h) 
7:4 Reserved 
3 1 bit 6 
2 1 bit 5 
1 0 bit 6 
0 0 bit 5 
CL = Switch Settings Description 
7:4 Reserved 
3 Configuration switch-4 
2 Configuration switch-3 
1 Configuration switch-2 
0 Configuration switch-1 





























Subfunction: 20h — Alternate PrintScreen Handler 


12h 


20h (subfunction) 








NOTE: | This function call replaces original PrintScreen interrupt handler (INTO5h) to support the modes 
with displayable rows on screen over 25. 
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Subfunction: 30h — Select Scanlines for Text Modes 




















Input: AH = 12h 
BL = 30h (subfunction) 
AL = Specifier of scanlines 
00h = 200 scanlines 
01h = 350 scanlines 
02h = 400 scanlines 
Output: AL= 12h (function supported) 
NOTES: 


1) The selected scanlines occur on the next mode setting. 
2) Mode 07h is only supported by 350/400 scanlines; modes 0Oh—03h are supported by three scanlines. 


3) The modes — 200 scanlines — are double-scanned. 


Subfunction: 31h — Enable/Disable Default Palette Loading 




















Input: AH = 12h 
BL= 31h (subfunction) 
AL = 00h = enable default palette loading 
Oth = disable default palette loading 
Output: AL= 12h (function supported) 
NOTES: 


1) This function occurs on the next mode setting. 
2) All Internal/External Palette registers is affected. 


Subfunction: 32h — Enable/Disable Video 




















Input: AH = 12h 
BL = 32h (subfunction) 
AL = 00h = enable video 
01h = disable video 
Output: AL= 12h (function supported) 
NOTE: 


The video subsystem does not respond to any I/O or video memory addressing. 
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Subfunction: 33h — Enable/Disable Summing-to-Grayshades 


12h 
33h (subfunction) 


00h = enable summing-to-grayshades 


01h = disable summing-to-grayshades 


12h (function supported) 








NOTE: _ This function occurs on a subsequent mode setting or an internal/external palettes setting. 


Subfunction: 34h — Enable/Disable Cursor Emulation 


Input: AH = 12h 
BL= 34h (subfunction) 
AL = 00h = enable cursor emulation 


01h = disable cursor emulation 








Output: AL= 12h (function supported) 














NOTES: 
1) This function occurs on a subsequent mode setting or function 01h call (Set Cursor Type). 
2) Bit 0 of address [40:87] emulation flag is affected. 


Subfunction: 35h — Switch Video Display 


Input: AH = 12h 
BL = 35h (subfunction) 
AL= 00h = initial video adapter turned off 


(ES:DX must point to a 128-byte buffer for switching state save area) 
01h = system board video turned on 


02h = active video turned off (ES:DX must point to a buffer for switching 
state save area) 


03h = inactive video turned on (ES:DX must point to a buffer which previ- 
ously saved the switching state) 


ES:DX = Buffer for switching state (valid when AL = 00h, 02h, or 03h) 





Output: AL= 12h (function supported) 

















NOTES: 
1) There are several requirements that must be met before using this function: 


a) Two video subsystems coexisting: system board video and video adapter. 


b) Video resource conflict between two video systems. 
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c) Video adapter is primary video; system board is secondary video. 
d) This function must be supported by system board video and video adapter. 
2) If the first time switching from video adapter to system board video: 


Call the function with register AL = 00h 
Call the function with register AL = O1h 
else 

Call the function with register AL = 02h 
Call the function with register AL = 03h 


Subfunction: 36h — Enable/Disable Screen Display 


Input: AH = 12h 
BL = 36h (subfunction) 
AL= 00h = enable screen display 


01h = disable screen display 





Output: AL= 12h (function supported) 

















NOTE: _ This function can be used for fast video memory updating without losing synchronization. 


19.3.3.20 Function: 13h — Write Teletype String 





Input: AH = 13h 

AL = Write function specifier 
00h = write character string without updating cursor (BL = attribute) 
01h = write character string with updating cursor (BL = attribute) 
02h = write character/attribute string without updating cursor 


03h = write character/attribute string with updating cursor 


BH = Display page (0 base) 

BL = Attribute (valid when AL = 00h or 01h) 

CX = String length 

Dh = Start Y coordinate of string displayed on screen 
DL= Start X coordinate of string displayed on screen 


ES:BP= Start address of string (in segment: Offset Format) 





Output: None 

















NOTES: 


1) The control characters LF, CR, Backspace, and BELL are recognized. The ASCII codes are: LF = OAh, 
CR = ODh, Backspace = 08h, BELL = 07h. 
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2) The string can be written to any pages regardless of active state. 
3) Line wrapping and screen scrolling are supported. Screen scrolling is only supported on active page. 


4) Ifbit 7 of the register is set in graphics modes, the color value in register BL is XOR’ed with the contents 
of display memory. 


19.3.3.21 Function: 1Ah 
Subfunction: 00h — Get Display Combination Code (DCC) 

















Input: AH = 1Ah 
AL= 00h (subfunction) 
Output: If function supported: 
AL = 1Ah 
BH = Alternate display code 
BL = Active display code 
NOTES: 


1) The index of the current DCC entry in the DCC table is stored in address [40:8A]. 
2) The display combination code definitions are: 


Code Definition 
00h No display 
Oth Monochrome Display Adapter (MDA) 
02h Color Display Adapter (CGA) 
03h Reserved 
04h EGA with Color Monitor (EGA) 
05h EGA with Monochrome Monitor (MEGA) 
06h Professional Graphics Adapter with Color Display (PGA) 
07h Video Graphics Array with Analog Monochrome Monitor (MVGA) 
08h Video Graphics Array with Analog Color Monitor (VGA) 


Subfunction: 01h — Set Display Combination Code (DCC) 




















Input: AH = 1Ah 
AL = 01h (Subfunction) 
BH = Alternate display code 
BL = Active display code 
Output: If function supported: 
AL = 1Ah 
NOTES: 
1) The display combination code definitions are: 
Code Definition 
00h No Display 
Oth Monochrome Display Adapter (MDA) 
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Code 


02h 
03h 
04h 
05h 
06h 
07h 
08h 


Definition 


Color Display Adapter (CGA) 


Reserved 


EGA with Color Monitor (EGA) 

EGA with Monochrome Monitor (MEGA) 

Professional Graphics Adapter with Color Display (PGA) 

Video Graphics Array with Analog Monochrome Monitor (MVGA) 
Video Graphics Array with Analog Color Monitor (VGA) 


2) The user is responsible for providing the correct DCC. There is no physical checking device. 


19.3.3.22 Function: 1Bh — Collection of Video Information 




















Definition 
Pointer to collection of static functionality information 


(Offset value relates to start of video memory; default = 0000h) 
Cursor position for each page (maximum eight pages supported) 


(High byte = start scanline; low byte = end scanline) 


Current setting of 3B8h or 3D8h (Mode Control register) 


Input: AH = 1Bh 
BX = 00h 
ES:Dl= Pointer to 128-byte buffer 
Output: If function supported: 
AL = 1Bh 
NOTES: 
1) Video information in 128-byte buffer: 
Offset Size 
00h 2 words 
04h Byte Current video mode 
05h Word Number of columns (1 base) 
07h Word Refresh buffer length (unit: byte) 
09h Word The starting address of the refresh buffer 
OBh 8 words 
{Bh Word Current cursor type 
1Dh Byte Active video page 
Base port address of CRTC (CRT controller) 
tH mor (Monochrome = 3Bxh, color = 3Dxh) 
20h Byte 
2th Byte Current setting of 3B9h or 3D9h 
22h Byte Number of rows (1 base) 
23h Word Character height (1 base; unit: scanline) 
25h Byte Active display code 
26h Byte Alternate display code 
27h Word Number of displayable colors (1 base; 
monochrome = 0000h) 
29h Byte Number of pages (1 base) 
2Ah Byte Specifier of vertical resolution 
00h = 200 scanlines 
01h = 350 scanlines 
02h = 400 scanlines 
03h = 480 scanlines 
04h-FFh = reserved 
2Bh Byte Primary font block (OOh—07h) 
2Ch Byte Secondary font block (OOh—07h) 
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Offset Size Definition 
2Dh Byte Flags of video state 
Bit Definition 
7:6 Reserved 
5 0 = background intensity 
1 = blinking (default) 
4 0 = cursor emulation disable 
1 = cursor emulation enable 
3 0 = default palette loading enable 
1 = default palette loading disable 
2 0 =color monitor attached 
1 = monochrome monitor attached 
{ 0 = summing-to-grayshades disable 
1 = summing-to-grayshades enable 
0 1 = all modes are active on all displays 
2E-30h Reserved 
31h Byte Specifier of total video RAM: 


00h = 64 Kbytes 

01h = 128 Kbytes 

02h = 192 Kbytes 

03h = 256 Kbytes 

04h-FFh = Reserved 

Save pointer state information: 





Bit Definition 


7:6 Reserved 



































5 1 = extension of display combination code active 
32h Byte 4 1 = palette override active 
3 1 = graphics font override active 
2 1 = alpha font override active 
1 1 = dynamic save area active 
0 1 = 512-character set active 
33-3Fh Reserved 
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2) Collection of static functionality information: 
Offset 


00h 


Oih 


00h 


03—06h 


07h 


Size 
Byte 


Byte 


Byte 


Byte 
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Definition 


Available video modes if bit set: 


Video Mode 


07h 





06h 





05h 





04h 





03h 





02h 





Oih 











00h 








Bit 


Available video modes if bit set: 





Video Mode 


OFh 





OEh 





ODh 





0Ch 





OBh 





7 
6 
5 
4 
3 
2 


OAh 





1 


09h 





0 


08h 








Available video modes if bit set: 





























Bit Video Mode 
7:4 Reserved 
3 13h 
2 12h 
1 11h 
0 10h 
Reserved 


Number of scanlines available in text modes: 
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Offset Size Definition 
Number of scanlines available in text mode: 
































































































Scanlines (if 1) 
200 
1 350 
2 400 
= Reserved 
0 10h 
08h Byte Number of active character blocks available in text modes 
09h Byte Maximum number of character blocks available in text modes 
OAh Byte Supported functions (#1): 
Bl i Bee ) 
7 Color paging 
6 Color palettes (external palettes/RAMDAC) 
5 EGA palettes (internal palettes) 
4 Cursor emulation 
3 Default palette loading 
2 Character font loading 
1 Summing to grayshades 
0 All modes on all displays 
OBh Byte Supported functions (#2): 
Bit a en ) 
7:4 Reserved 
3 Set display combination code 
2 Background intensity/blinking control 
1 Save/restore video state 
0 Reserved 
0C-ODh Reserved 
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Offset Size Definition 

OEh Byte Save pointer functions: 

Bt a oa ) 

7:6 Reserved 

5 Extension of display combination code 

4 Palette override 

3 Graphics font override 

2 Alpha font override 

1 Dynamic save area 

0 512-character set 
OFh Reserved 
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19.3.3.23 Function: 1Ch 
Subfunction: 00h — Get Buffer Size for Video State 
































Input: AH = 1Ch 
AL= 00h (subfunction) 
CX = Requested video state: 
Bit Video State 
15:3 Reserved 
2 Color registers (external palettes/RAMDAC) 
1 BIOS data area 
0 Hardware state 
Output: If function supported: 
AL= 1Ch 
BX = Blocks/buffer (unit: 64 byte/block) 














NOTE: _ This function reports the sufficient size of buffer to save video state. Call this subfunction first to 
guarantee that subfunction 01h and 02h are performed successfully. 
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Subfunction: 01h — Saving Video State 














Input: AH = 1Ch 
AL = 01h (subfunction) 
CX = Requested video states: 
ee 
15:3 Reserved 
2 Color registers (external palettes/RAMDAC) 
1 BIOS data area 
0 Hardware state 








ES:BX= Pointer points to buffer (segment: Offset format) 














Output: If function supported: 
AL= 1Ch 
ES:BX= State information saved in user-supplied buffer 








Subfunction: 02h — Restore Video State 

















Input: AH = 1Ch 
AL= 02h (subfunction) 
CX = Requested video states: 
ee 
Reserved 
2 Color registers (external palettes/RAMDAC) 
1 BIOS data area 
a 
ES:BX= Pointer points to previous saved buffer (segment: Offset format) 
Output: If function supported: 
AL = 1Ch 
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19.4 VGA Sleep Mode and Display Switching 


The IBM VGA standard supports a Sleep mode feature to enable/disable CPU addressing of the 
VGA subsystem video memory and I/O ports. For integrated VGA subsystems on the mother- 
board, the video subsystem is enabled or disabled by programming a Video Subsystem Enable 
register at I/O port 3C3h. On VGA adapter cards, a control register at I/O port 46E8h is used. 
These two separate schemes of enabling/disabling addressing allows two VGAs (driving separate 
display monitors) to coexist in a system and switch active video from one display to another. The 
IBM standard VGA BIOS supports a set of function calls to select Sleep mode and display switch- 
ing features. 


Depending on the application, the CL-GD5465 VGA controller can be programmed to respond at 
either 3C3h or 46E8h I/O port for enabling/disabling CPU addressing. This allows for full IBM VGA 
compatibility, whether the design is an integrated motherboard VGA or an adapter card solution. 


19.5 Memory Map 


The following tables provide background information regarding the usage of system memory, port 
address space, and interrupt vectors by DOS and its I/O routines (Planar and Peripheral BIOS). 
The areas of interest to video subsystem users and designers are highlighted in bold text. 


Table 19-14. Microsoft® DOS Memory Map 









































FEQOQOO—FFFFFF 128 Kbytes to ‘shadow’ system ROM BIOS 
100000-—FDFFFF 15 Mbytes of extended memory in protected mode only 
FFFF:000F (1 Mbyte) 

Planar BIOS 
FO00:0000 

Expansion BIOS (motherboard video BIOS) 
E000:0000 

Voice Communication BIOS/LIM EMS page map area 
D000:8000 

Network BIOS/LIM EMS page map area 
D000:0000 

LIM EMS page map area 
C000:C000 

Hard disk BIOS 
C000:8000 

EGA/VGA adapter BIOS 
C000:0000 

EGA display RAM 
Bo00:C000 

CGA display RAM (or HGC mode graphics RAM) 
B000:8000 

HGC display RAM 
B000:4000 

MDA/HGC display RAM 
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Table 19-14. Microsoft® DOS Memory Map (cont) 
B000:0000 





EGA/VGA display RAM 

A000:0000 Top of system RAM 

COMMAND.COM (transient portion), free RAM, COMMAND.COM 
(resident portion), insatiable device drivers, file control blocks, disk 


buffers, DOS tables, DOS kernel (MSDOS.SYS), resident DOS device 
drivers (IO.SYS) 














0000:0600 

ROM BIOS data area 
0000:0400 

Interrupt vectors 
0000:0000 
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Table 19-15. BIOS Data Area Assignments 


0040:0000 
0040:0002 
0040:0004 
0040:0006 


0040:0008 
0040:000A 
0040:000C 
0040:000E 


0040:0010 


0040:0012 
0040:0013 
0040:0015 
0040:0016 
0040:0017 
0040:0019 
0040:001A 
0040:001C 
0040:001E 
0040:003E 
0040:003F 
0040:0040 
0040:0041 

0040:0042 


0040:0049 
0040:004A 
0040:004C 
0040:004E 
0040:0050 


0040:0060 
0040:0062 
0040:0063 
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word 
word 
word 
word 


word 
word 
word 
word 


word 


byte 
word 
byte 
byte 
word 
byte 
word 
word 
16 words 
byte 
byte 
byte 
byte 
7 bytes 


byte 
word 
word 
word 
8 words 


word 
byte 


word 


EQUIPMENT_FLAG 


Bit 

D15, D14 
D13,D12 
D11,D10,D9 
D8 

D7,D6 
D5,D4 


D3,D2 
D1 
DO 


USABLE_RAM 


KBD_CNTRL 
ALT_KBD 
KBD_BUF_HD 
KBD_BUF_TL 
KBD_BUFFER 


VIDEO_MODE 
COLUMNS 
PAGE_LENGTH 
START_ADDR 
CURSOR_POS 


CURSOR_TYPE 
ACTIVE_PAGE 
ADDR_CRTC 
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COM1 port base address 
COM2 port base address 
COMS port base address 
COM4 port base address 


Printer 1 port base address 
Printer 2 port base address 
Printer 3 port base address 
Printer 4 port base address 


Definition 

No. of printer adapters 

Reserved 

No. of RS232-C 

Reserved 

No. of diskette drives 

Identify current primary display device: 
D5 D4 


Adapter 

0 0 EGA (or none) 
0 1 CGA 40 x 25 
1 0 CGA 80 x 25 
1 1 MDA 

Reserved 

Math coprocessor 

IPL diskette 

Reserved 

Usable memory size in Kbytes 

Reserved 

Reserved 


Stores status of special keys 
Alternate keypad entry 

Points to head of keyboard buffer 
Points to tail of Keyboard buffer 
Circular keyboard buffer 

Diskette drive recalibrate status 
Diskette drive motor status 

Diskette drive motor off counter 
Last diskette driver operation status 
Diskette driver controller status 


Current BIOS Video mode 

Number of text columns 

Length of each page in bytes 

Start Address register value for page 

Cursor positions for all eight pages 

The high byte of each word contains the character row, the 
low byte, the column 

Start and ending lines for text cursor. High byte has start 
line. 

Currently displayed page number 

I/O port address of 6845/CRTC address register (3B4 
monochrome; 3D4 color) 
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Table 19-15. BIOS Data Area Assignments (cont.) 
CRT_MODE_SET Current value for Mode Control register (3B8 MDA; 3D8 


0040:0065 


0040:0066 


0040:0067 
0040:006B 
0040:006C 
0040:0070 
0040:0071 

0040:0072 
0040:0074 
0040:0075 
0040:0076 
0040:0077 
0040:0078 
0040:0079 
0040:007A 
0040:007B 


0040:007C 
0040:007D 
0040:007E 
0040:007F 


0040:0080 
0040:0082 


0040:0084 
0040:0085 
0040:0087 


0040:0088 


0040:0089 


byte 


byte 


dword 
byte 

dword 
byte 
byte 

word 
byte 

byte 

byte 

byte 

byte 

byte 

byte 

byte 


byte 
byte 
byte 
byte 


word 
word 


byte 
word 
byte 


byte 


byte 
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CRT_PALETTE 


ROWS 
CHAR_HEIGHT 
INFO_1 

Bit 


D7 


D6, DS 


D4 
D3 


D2 
D1 
DO 
INFO_3 


D4—D7 
DO-D3 


FLAGS 


D7 


CGA). The EGA and VGA values emulate the MDA/CGA 
values 

Current value for the CGA color select register (3D9); emu- 
lated by EGA/VGA 

Pointer to MCA PS/2 reset code 

Reserved 

Timer counter 

Timer overflow 

Break key state 

RESET flag 

Last hard disk drive operation status 

No. of hard disk drives attached 

PC XT hard disk drive control 

PC XT hard disk drive controller port 

Printer 1 Time-out value 

Printer 2 Time-out value 

Printer 3 Time-out value 

Printer 4 Time-out value 


COM1 Time-out value 
COM2 Time-out value 
COMS Time-out value 
COM4 Time-out value 


Keyboard Buffer Start Offset pointer 
Keyboard Buffer End Offset pointer 


Number of text rows minus 1 
Bytes-per-character 


Description 

Equals bit D7 from AL register on most recent mode select. 
(A one indicates display memory was not cleared by mode 
select.) 

Display memory size (00=64K, 01=128K, 10=192K, 
11=256k). 

Reserved 

A zero indicates EGA is the primary display. 

A one will force the BIOS to wait for Vertical Retrace before 
memory write. 

A one indicates that EGA is in Monochrome mode. 

A zero means that CGA cursor emulation is enabled. The 
cursor shape is modified if enhanced text is used. 


Feature Control bits (from Feature Control register) 
EGA Configuration Switch settings 


Miscellaneous flags 


Alphanumeric Scanlines (with bit 4): 


Bit 7 Bit 4 
0 0 350-line mode 
0 1 400-line mode 
1 0 200-line mode 
1 1 (reserved) 
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Table 19-15. BIOS Data Area Assignments (cont.) 


0040:008A 
0040:008B 
0040:008C 
0040:008D 
0040:008E 
0040:008F 
0040:0090 
0040:0091 

0040:0092 
0040:0093 
0040:0094 
0040:0095 
0040:0096 
0040:0097 
0040:0098 
0040:009A 
0040:009C 
0040:009E 
0040:00A0 
0040:00A1 
0040:00A2 
0040:00A3 
0040:00A4 
0040:00A5 
0040:00A6 
0040:00A7 


0040:00A8 


dword 


byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
word 
word 
word 
word 
byte 
byte 
byte 
byte 
byte 
byte 
byte 
byte 


D6 


D5 
D4 


D3 


D2 


D1 


DO 


SAVE_PTR 


Vs display switching is enabled 


O= display switching is disabled 
Reserved 

(see bit 7) 

1= default palette loading is disabled 
O= default palette loading is enabled 
1= using monochrome monitor 

0= using color monitor 

1= gray-summing is enabled 

O= gray-summing is disabled 

1= VGA active 

0O= VGA not active 

Reserved 


Media control 

Hard disk drive controller status 

Hard disk drive error status 

Hard disk drive interrupt control 
Reserved 

Drive 0 Media state 

Drive 1 Media state 

Reserved 

Reserved 

Drive 0 Current cylinder 

Drive 1 Current cylinder 

Keyboard mode State and Type flags 
Keyboard LED Flags 

Address offset to User Wait Complete flag 
Segment address to User Wait Complete flag 
User wait count — Low word (mseconds) 
User wait count — High word (mseconds) 
Wait active flag 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 


Pointer to BIOS Save Pointer Table 


NOTE: The next 84 bytes, 0040:00A1 to 0040:00FF, are reserved. 


May 1997 


19-62 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 


BIOS SPECIFICATION 


Table 19-16. I/O Port Assignment for PC XT and AT Computers 


Port Usage for PC XT 


DMA controller 
Interrupt controller 
Timer 


PPI (system configuration) 


Reserved 
DMA Page register 
NMI Mask register 


Reserved 


Unusable 
Unusable 
Unusable 
Unusable 
Unusable 
Unusable 
Unusable 
Unusable 
Unusable 
Game I/O 
Expansion unit 
Multifunction card, Note 1 
Reserved 


Clock Calendar, Note 1 


Serial port 4, Note 1 
Serial port 3 or 4, Note 1 
Reserved 

Serial port 2 

Prototype Card 

Fixed Disk 


Parallel port 1 

SDLC 

Bisync 

MDA and printer adapter 
EGA/VGA Adapter 

CGA 

Reserved 

Serial port 3, Note 1 
Diskette Controller 

Serial port 1 
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I/O Address Port Usage for AT 
000-OIF DMA Controller 
020-—03F Interrupt Controller 
040-04F Coprocessor Access, Timer 
050-05F Timer 
060-063 
060-06F Keyboard 
070-07F Realtime Clock 
080-09F DMA Page Register 
OAO-OAF 
OAO-OBF Interrupt Controller 
OBO-OFF 
0CO-ODF DMA Controller 
OFO-OFF Math Coprocessor 
100-13F Reserved 
140-14F Token Ring Adapter 
150-15F Advanced Color Graphics Display 
160—-16F Advanced Monochrome Graphics Display 
170-177 Fixed-disk Adapter 
1C0-1CF Token Ring Adapter 
1E8—-1EF Streaming Tape Drive Adapter 
IFO-IF7 Fixed-disk Adapter 
1F8-1FF Reserved 
200-—20F Game I/O 
210-217 
218-21F Multifunction Card 
220-24F 
278-27F Parallel port 2 
2B0 GD546X Host Control Register for VESA VL-Bus 
2C0-2CF Clock Calendar 
2D0-—2DF 3278/79 Emulation Adapter, Clock/Calender 
2E0-2E7 
2E8—-2EF 
2F0-2F7 Interrupt Sharing 
2F8—2FF Serial Port 2 
300-31F Prototype Card 
320-32F 
360-36F PC Network 
378-37F Parallel Port 1 
380-38F SDLC, Bisync 2 
3A0-3AF Bisync 1 
3B0-3BF MDA, EGA/VGA and Printer Adapter 
3C0-3CF EGA/VGA 
3D0-3DF CGA, EGA/VGA 
3E0-3E7 
3E8-3EF 
3FO-3F7 Diskette Controller 
3F8-3FF Serial Port 1 
400-43F Reserved 
440-44F Coprocessor Access 
450-50F Reserved 
510-52F Multi-protocol Adapter 
550-557 Coprocessor to Main CPU Communication 
6FO-6F7 Interrupt Sharing 
910-92F Multi-protocol Adapter 
D10-—D2F Extended Monochrome Graphics Display 
E90-E9F PSLA 
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Table 19-16. I/O Port Assignment for PC XT and AT Computers (cont.) 


Port Usage for PC XT I/O Address Port Usage for AT 
1230-124F 1st Address Range: Multi-port Async 
2230-224F 2nd Address Range: Multi-port Async 
3230-324F 3rd Address Range: Multi-port Async 
4230-424F 4th Address Range: Multi-port Async 
46E8 VGA Add-in Adapter Sleep Enable 


NOTE: Use of port for this function is common, but not standard. 
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Table 19-17. Interrupt Vector Assignments 


Vector Table Entry INT Number 
0000:0000 0 
0000:0004 1 
0000:0008 2 
0000:000C 3 
0000:0010 4 
0000:0014 5 
0000:0018 6 
0000:001D 7 
0000:0020 8 
0000:0024 9 
0000:0028 A 
0000:002C B 
0000:0030 C 
0000:0034 D 
0000:0038 E 
0000:003C F 
0000:0040 10 
0000:0044 11 
0000:0048 12 
0000:004C 13 
0000:0050 14 
0000:0054 15 
0000:0058 16 
0000:005C 17 
0000:0060 18 
0000:0064 19 
0000:0068 1A 
0000:006C 1B 
0000:0070 1C 
0000:0074 1D 
0000:0078 1E 
0000:007C 1F 
0000:0080 20 
0000:0084 21 
0000:0088 22 
0000:008C 23 
0000:0090 24 
0000:0094 25 
0000:0098 26 
0000:009C 27 
0000:00AA-00B8 28-2E 
0000:00BC 2F 
0000:00C0-00FC 30-3F 
0000:0108 42 
0000:010C 43 
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Name 

Divide by zero 

Single step 

Non-maskable 

Break-point 

Overflow 

Print Screen 

Reserved 

Reserved 

Time H/W IRQO 
Keyboard H/W IRQ1 
Network H/W IRQ2 
Communications Port 2 H/W IRQ3 
Communications Port 1 H/W IRQ4 
Hard Disk H/W IRQ5 
Diskette H/W IRQ6 
Printer H/W IRQ7 


EGA/VGA BIOS Video Services 


Equipment Check 
Determine Memory Size 
Diskette/Disk 
Communications 
Cassette (see Notes) 
Keyboard 

Printer 

Resident BASIC 
Bootstrap 

Time of Day 
Keyboard Break 
Timer Tick 


Video Initialization 
Diskette Parameters 


Optional Pointer to Upper 
128 CGA 8 x 8 Characters 


Program Terminate 

Function Request 

Terminate Process Exit Address 
Control-C Handler Address 
Critical Error Handler Address 
Absolute Disk Read 

Absolute Disk Write 
Terminate But Stay Resident 
Reserved 

Print Spool Control 

Reserved 


Old BIOS Video Services 
Pointer to CGA 8 x 8 Character Set 
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19.6 


19.6.1 


NOTES: 
1) The INT15h interrupt service handler has additional responsibility in systems with an EOQOOh segment 
video BIOS; besides cassette service, it also manages video subsystem services. 


2) The complete list of interrupt numbers ascends to FFh; each vector is a dword so the pointer for INTxh 
is stored at absolute location 4xh. 


VESA® BIOS Extensions 


This section discusses the CL-GD5465 VESA BIOS extensions that are VESA/VBE 2.0 compliant. 
For more information about the VESA standard, contact VESA at: 


Video Electronics Standards Association 
2150 N. First Street, Suite 440 

San Jose, CA 95131-2020 

TEL: (408) 435-0333 FAX: (408) 435-8225 


VBE Mode Numbers 


Standard VGA mode numbers are 7 bits wide and range from 00h—13h. OEMs have defined 
extended display modes ranging from 14h—7Fh. Values from 80h—FFh cannot be used, since the 
VGA BIOS function 00h (Set Video Mode) interprets bit 7 as a flag to clear or preserve display 
memory. 


Due to the limitations of 7-bit mode numbers, the optional VBE mode numbers are 14 bits wide. 
To initialize a VBE mode, the mode number is passed in the BX register to VBE function 02h (Set 
VBE mode). 


May 1997 19-66 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual BIOS SPECIFICATION 


The format of VBE mode numbers is: 


DO-D8 = Mode number 

If D8 == 0; not a VESA-defined mode 

If D8 == 1; this is a VESA-defined mode 
D9-D13. = Reserved by VESA for future expansion (= 0) 
D14 = __Linear/flat frame buffer select 

If D14 == 0; use VGA frame buffer 

If D14 == 1; use linear/flat frame buffer 
D15 = Preserve display memory select 


If D15 == 0; clear display memory 
If D14 == 1; preserve display memory 


Thus, VBE mode numbers begin at 100h. This mode-numbering scheme implements standard 
7-bit mode numbers for OEM-defined modes. Standard VGA modes may be initialized through 
VBE function 02h (Set VBE Mode) simply by placing the mode number in BL and clearing the 
upper byte (BH). The 7-bit, OEM-defined display modes can be initialized in the same way. Note 
that modes can only be set if the mode exists in the Video Mode List returned in function Oh. 


To date, VESA has only defined one special 7-bit mode number, 6Ah, for the 800 x 600, 16-color, 
4-plane Graphics mode. The corresponding 15-bit mode number for this mode is 102h. The fol- 
lowing VBE mode numbers have been defined: 


Table 19-18. VESA®/VBE Mode Numbers 
































Graphics Text 
15-bit No. of 15-bit | 7-bit 
Mode Resolution : Mode | Mode | Columns | Rows 
Colors 

No. No. No. 
100h 640 x 400 256 108h - 80 60 
101h 640 x 480 256 109h - 132 25 
102h 800 x 600 16 10Ah - 132 43 
103h 800 x 600 256 10Bh - 132 50 
104h 1024 x 768 16 10Ch - 132 60 








105h 1024 x 768 256 








106h 1280 x 1024 16 








107h 1280 x 1024 256 








10Dh 


320 x 200 


32K (1:5:5:5) 





10Eh 


320 x 200 


64K (5:6:5) 








10Fh 


320 x 200 


16.8M (8:8:8) 








110h 


640 x 480 


32K (1:5:5:5) 








111h 








640 x 480 





64K (5:6:5) 























Copyright 1997 — Cirrus Logic Inc. 


19-67 





May 1997 





BIOS SPECIFICATION 


Table 19-18. VESA®/VBE Mode Numbers (cont.) 
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Graphics Text 
15-bit No. of 15-bit | 7-bit 
Mode Resolution Colors Mode | Mode | Columns | Rows 
No. No. No. 
112h 640 x 480 16.8M (8:8:8) 
113h 800 x 600 32K (1:5:5:5) 
114h 800 x 600 64K (5:6:5) 
115h 800 x 600 16.8M (8:8:8) 
116h 1024 x 768 32K (1:5:5:5) 
117h 1024 x 768 64K (5:6:5) 
118h 1024 x 768 16.8M (8:8:8) 
119h 1280 x 1024 32K (1:5:5:5) 
11Ah 1280 x 1024 64K (5:6:5) 
11Bh 1280 x 1024 16.8M (8:8:8) 



































NOTES: 


1) 


2) 
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Starting with VBE v2.0, VESA no longer defines new VESA mode numbers and it is no longer mandatory 
to support these old mode numbers. However, it is highly recommended that BIOS implementations 
continue to support these mode numbers for compatibility with older software. 


Mode 81FFh is a special mode designed to preserve the current memory contents and give access to 
the entire video memory. This mode is especially useful for saving the entire video memory contents 
before going into a state that could lose the contents. For example, set this mode to gain access to all 
video memory to save it before going into a volatile power down state. This mode is required because 
the entire video memory contents are not always accessible in every mode. It is recommended that this 
mode be in packed-pixel format, and a ModelnfoBlock must be defined for it. Look in the ModelnfoBlock 
to determine if paging is required and how paging is supported (if supported). Also note that there are 
no implied resolutions or timings associated with this mode. 


Future display resolutions are defined by VESA display vendors. The color depths are not specified and 
new mode numbers are not assigned for these resolutions. For example, if the VESA display vendors 
define 1600 x 1200 as a VESA resolution, application developers should target their display resolution 
for 1600 x 1200 rather than choosing an arbitrary resolution like 1550 x 1190. The VBE implementation 
should be queried to get the available resolutions and color depths, and the application should be flex- 
ible enough to work with this list. 
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19.6.2 VBE Functions 


This section describes each of the functions defined by the VBE standard. VBE functions are 
called using the INT10h interrupt vector, passing arguments in the 80x86 registers. The INT10h 
interrupt handler first determines if a VBE function was requested, and if so, processes that 
request. Otherwise, control is passed to the standard VGA BIOS for completion. 


All VBE functions are called with the AH register set to 4Fh to distinguish them from the standard 
VGA BIOS functions. The AL register is used to indicate which VBE function to perform. For sup- 
plemental or extended functionality, the BL register is used when appropriate to indicate a specific 
subfunction. 


Functions OOh—OFh have been reserved for Standard VBE function numbers; functions 10h-FFh 
are reserved for VBE Supplemental Specifications. 


In addition to the INT10h interface, a Protected Mode interface is available and is described in the 
following sections. 


19.6.3 VBE Return Status 


The AX register indicates the completion upon return from VBE functions. If VBE support for the 
specified function is available, the 4Fh value passed in the AH register entry is returned in the AL 
register. If the VBE function completes successfully, 00h is returned in the AH register. Otherwise, 
the AH register is set to indicate the nature of the failure. 


VBE Return Status 


AL == 4Fh: Function supported. 

AL != 4Fh: Function not supported. 

AH == OOh: Function call successful. 

AH == Oth: Function call failed. 

AH == 02h: Function not supported in the current hardware configuration. 
AH == 03h: Function call invalid in current video mode. 


NOTE: Applications should consider any non-zero value in the AH register a general failure condition as 
later versions of the VBE may define additional error codes. 


19.6.4 Protected Mode Considerations 
NOTE: VBE services can only be called directly from 32-bit Protected mode. 


For 32-bit Protected mode, two selector/segment descriptors for 32-bit code and the data segment 
are required; these are allocated and initialized by the caller. The segment limit fields are set to 
64K. These selectors can be in either the GDT or LDT, but must be valid whenever the VBE is 
called in Protected mode. The caller must supply a stack large enough for use by VBE, and by 
potential interrupt handlers. Since the VBE does not switch stacks when interrupts are enabled 
— including NMI interrupts — the caller’s stack is active if or when interrupts are enabled in the 
VBE routine. The 32-bit VBE interface requires a 32-bit stack. 


When the VBE services are called, the current I/O permission bitmap must allow access to the I/O 
ports required by the VBE. This can be found in the Sub-Table (Ports and Memory) returned by 
VBE function OAh. 


To summarize, it is the responsibility of the calling application to ensure there are appropriate I/O 
and memory privileges, and a large enough stack and selectors allocated. It is also the calling 
application’s responsibility to preserve registers, if necessary. 
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Applications must use the same registers for the functions 05h and 09h Protected Mode interface 
as for a real mode call. This includes the AX register. 


Function 07h protected mode calls have a different format. 


AX = 4FO7h 
BL = 00h Set display CRTC start 
= 80h Set display CRTC start during vertical retrace 
CX = Bits 15:0 of display start address 
DX = Bits 31:16 of display start address 


The Protected Mode application must keep track of the color depth and scanline length to calcu- 
late the new start address. A value programmed out-of-range yields unpredictable results. 


19.6.5 Description of VESA®/VBE Functions 
This section lists and describes the VESA/VBE functions. 


19.6.5.1 Function: 00h — Return VBE Controller Information 


This required function returns the capabilities of the display controller, the revision level of the VBE 
implementation, and vendor-specific information to support all display controllers in the field. 


The purpose of this function is to provide information to the calling program about the general 
capabilities of the installed the VBE software and hardware. This function fills an information block 
structure at the address specified by the caller. The VbelnfoBlock information block size is 256 
bytes for VBE v1.x, and 512 bytes for VBE v2.0. 


Input: AX = 4FOOh Return VBE controller information. 


ES:DI = Pointer to buffer to place VbelnfoBlock structure. 


(Set VbeSignature to ‘VBE2’ when function is called to indicate VBE v2.0 
information is desired; the information block size is 512 bytes.) 








Output: AX = VBE return status. 














NOTE: All other registers are preserved. 
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The information block has the following structure: 


VbeInfoBlock struc 




















VbeSignature db ‘“VESA’ ; VBE signature 
VbeVersion dw 0200h ; VBE version 
OemStringPtr dd 2 ; Pointer to OEM string 
Capabilities db 4 dup (?) ; Capabilities of graphics controller 
VideoModePtr dd ? ; Pointer to Video mode list 
TotalMemory dw ? , Number of 64-Kbyte memory blocks 

; added for VBE 2.0 
OemSoftwareRev dw ? ; VBE implementation software revision 
OemVendorNamePtr dd ? ; Pointer to Vendor Name String 
OemProductNamePtr dd 2 ; Pointer to Product Name String 
OemProductRevPtr dd ? ; Pointer to Product Revision String 
Reserved db 222 dup (?); Reserved for VBE implementation 

; scratch area 
OemData db 256 dup (?); Data Area for OEM Strings 


VbeInfoBlock ends 


NOTE: All data in this structure is subject to change by the VBE implementation when VBE function 00h 
is called. Therefore, it should not be used by the application to store any data. 


Description of the VbeInfoBlock Structure Fields 


The VbeSignature field is filled with the ASCII characters ‘VESA’ by the VBE implementation. VBE 
v2.0 applications should preset this field with the ASCII characters ‘VBE2’ to indicate to the VBE 
implementation that the VBE v2.0 extended information is desired, and the VbelnfoBlock is 512 
bytes in size. Upon return from VBE function 00h, this field should always be set to ‘VESA’ by the 
VBE implementation. 


The VbeVersion is a BCD value specifying what level of the VBE standard is implemented in the 
software. The higher byte specifies the major version number. The lower byte specifies the minor 
version number. 


NOTE: The BCD value for VBE v2.0 is 0200h, and the BCD value for VBE v1.2 is 0102h. In the past there 
have been some applications misinterpreting these BCD values. For example, BCD 0102h was 
interpreted as 1.02, which is incorrect. 


The OemStringPtr is a Real mode far pointer to a null-terminated, OEM-defined string. This string 
can be used to identify the graphics controller device or OEM product family for hardware-specific 
display drivers. There are no restrictions on the format of the string. This pointer may point into 
either ROM or RAM, depending on the specific implementation. VBE v2.0 BIOS implementations 
must place this string in the OemData area within the VbelnfoBlock if ‘VBE2’ is preset in the Vbe- 
Signature field on entry to function 00h. This makes it possible to convert the Real mode address 
to an offset within the VbelnfoBlock for Protected mode applications. 


NOTE: The length of the OEMString is not defined; for space considerations it is recommend that a string 
length of less than 256 bytes is used. 
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The Capabilities field indicates the support of specific features in the graphics environment. The 
bits are defined as: 


DO = 0 DAC fixed width with 6 bits per primary color. 
1 DAC width switchable to 8 bits per primary color. 
D1 = 0 Controller VGA compatible. 
1 Controller not VGA compatible. 
D2 = 0 Normal RAMDAC operation. 
1 When programming large blocks of information to the RAMDAC, use the blank bit in 
function 09h. 
D3-31 = Reserved. 
NOTES: 


1) For BIOS implementation, the DAC must always be restored to 6 bits per primary color as default upon 
a mode set. If the DAC switched to 8 bits per primary color, the mode set must restore the DAC to 6 bits 
per primary color to ensure that the application programmer does not have to reset it. 


2) Application programmer: 
If a DAC is switchable, the programmer can assume that the DAC is restored to 6 bits per primary color 
upon a mode set. For DAC use within an application, the application program is responsible for setting 
the DAC to 8 bits per primary color mode using function 08h. 


VGA compatibility is defined as supporting all standard IBM VGA modes, fonts and I/O ports. How- 
ever, VGA compatibility does not guarantee that all modes that can be set are VGA compatible, or 
that the 8 x 14 font is available. 


The need for D2 = 1 — “program the RAMDAC using the blank bit in function 09h” — is for older 
RAMDACs, where programming the RAM values during display time causes a ‘snow-like’ effect 
on the screen. Newer RAMDACs do not have this limitation and can be easily programmed at any 
time. Older RAMDACs require that they be blanked so as not to display the snow while values 
change during display time. This bit informs the software to make the function call with BL = 80h, 
rather than BL = OOh, to ensure the minimization of this effect. 


The VideoModePtr points to a list of mode numbers for all display modes supported by the VBE 
implementation. Each mode number occupies one word. The list of mode numbers is terminated 
by a—1 (OFFFFh). The mode numbers in this list represent all potentially supported modes by the 
display controller. Refer to Table 19-18 on page 19-67 for a list of the VESA VBE mode numbers. 
VBE v2.0 BIOS implementations must place this mode list in the Reserved area of the VbelnfoB- 
lock or have it statically stored within the VBE implementation — if ‘VBE2’ is preset in the VbeSig- 
nature field on entry to function OOh. 


NOTES: 


1) Itis the responsibility of the application to verify the actual availability of any mode returned by this func- 
tion through the Return VBE Mode Information (VBE function 01h) call. Some of the returned modes 
may not be available due to the actual amount of memory physically installed on the display board or 
due to the capabilities of the attached monitor. 


2) If the VideoModeList is found to contain no entries (starts with OFFFFh), assume that the VBE imple- 
mentation is a ‘stub’ implementation where only function 00h is supported for diagnostic or ‘plug and 
play’ functions. These stub implementations are not VBE v2.0 compliant and should be implemented 
only in cases where no space is available to implement the entire VBE. 
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The TotalMemory field indicates the maximum amount of memory physically installed and avail- 
able to the frame buffer in 64-Kbyte units (for example, 256 Kbytes = 4, 512 Kbytes = 8). Not all 
video modes can address all this memory. See ModelnfoBlock for detailed information about the 
addressable memory for a given mode. 


The OemSoftwareRev field is a BCD value that specifies the OEM revision level of the VBE soft- 
ware. The high byte specifies the major version number; the low byte specifies the minor version 
number. This field can identify the OEM VBE software release. This field is only filled in when 
‘VBE2 ’ is preset in the VbeSignature field on entry to function OOh. 


The OemVendorNamePtr is a pointer to a null-terminated string containing the name of the ven- 
dor that produced the display controller board product. (This string may be contained in the Vbeln- 
foBlock or the VBE implementation.) This field is only filled in when ‘VBE2’ is preset in the 
VbeSignature field on entry to function OOh. (Note that the length of the strings OemProductRev, 
OemProductName, and OemVendorName (including terminators) summed must fit within a 
256-byte buffer. This allows a return in the OemData field — if required.) 


The OemProductNamePrtr is a pointer to a null-terminated string containing the product name of 
the display controller board. (This string may be contained in the VbelnfoBlock or the VBE imple- 
mentation.) This field is only filled in when ‘VBE2’ is preset in the VbeSignature field on entry to 
function 00h. (Note that the length of the strings OemProductRev, OemProductName, and Oem- 
VendorName (including terminators) summed must fit within a 256-byte buffer. This allows a return 
in the OemData field — if required.) 


The OemProductRevPtr is a pointer to a null-terminated string containing the revision or manu- 
facturing level of the display controller board product. (This string may be contained in the Vbeln- 
foBlock or the VBE implementation.) This field can determine which production revision of the 
display controller board is installed. This field is only filled in when ‘VBE2’ is preset in the VbeSig- 
nature field on entry to function OOh. 


NOTE: The length of the strings OemProductRev, OemProductName, and OemVendorName (including 
terminators) summed must fit within a 256-byte buffer. This allows a return in the OemData field, 
if required. 


The Reserved field is a space reserved for dynamically building the VideoModeList, if required, if 
the VideoModeList is not statically stored within the VBE implementation. Do not use this field for 
anything else. This field may be reassigned in future versions. Application software should not 
assume that the information in this field is valid. 


The OemData field is a 256-byte data area that is used to return OEM information returned by 
VBE function 00h when ‘VBE2 is preset in the VbeSignature field. The OemVendorName, Oem- 
ProductName, and OemProductRev strings are copied into this area by the VBE implementation. 
This area is only used by VBE v2.0 and above implementations when ‘VBE2 is preset in the Vbe- 
Signature field. 


19.6.5.2 Function: 01h — Return VBE Mode Information 


This required function returns extended information about a specific VBE display mode from the 
mode list returned by VBE function 00h. This function fills the mode information block, Modeln- 
foBlock, structure with technical details on the requested mode. The ModelnfoBlock structure is 
provided by the application with a fixed size of 256 bytes. 


Copyright 1997 — Cirrus Logic Inc. 19-73 May 1997 


BIOS SPECIFICATION CL-GD5465 Technical Reference Manual 


Information can be obtained for all listed modes in the Video Mode List returned in function OOh. 
If the requested mode cannot be used or is unavailable, a bit is set in the ModeAttributes field to 
indicate that the mode is not supported in the current configuration. 


4FOth Return VBE mode information 
Mode number 


Pointer to ModelnfoBlock structure 


VBE return status 








NOTE: All other registers are preserved. 


The ModelInfoBlock has the following structure: 


ModeInfoBlock struc 
; Mandatory information for all VBE revisions 





ModeAttributes dw i ; Mode attributes 
WinAAttributes db ec ; Window A attributes 
WinBAttributes db i ; Window B attributes 
WinGranularity dw ? ; Window granularity 

WinSize dw ? ; Window size 

WinASegment dw e ; Window A start segment 
WinBSegment dw e ; Window B start segment 
WinFuncPtr dd ? ; Pointer to window function 
BytesPerScanLine dw ? ; Bytes per scanline 





; Mandatory information for VBE 1.2 and above 
XResolution dw ? ; Horizontal resolution in pixels or 
; characters (pixels in graphics modes, 
; characters in text modes.) 
YResolution dw 2 ; Vertical resolution in pixels or 
; Characters 


XCharSize db i ; Character cell width in pixels 
YCharSize db ? ; Character cell height in pixels 
NumberOfPlanes db ? ; Number of memory planes 
BitsPerPixel db ? ; Bits-per-pixel 

NumberOfBanks db 2 ; Number of banks 

MemoryModel db ? ; Memory model type 

BankSize db 2 ; Bank size in Kbytes 
NumberOfImagePages db ? ; Number of images 

Reserved db L ; Reserved for page function 


; Direct Color fields (required for direct/6 and YUV/7 memory models) 
RedMaskSize db ? ; Size of direct color red mask in bits 


RedFieldPosition db ? ; Bit position of lsb of red mask 
GreenMaskSize db ? ; Size of direct color green mask in bits 
GreenFieldPosition db ? ; Bit position of lsb of green mask 
BlueMaskSize db ? ; Size of direct color blue mask in bits 
BlueFieldPosition db ? ; Bit position of lsb of blue mask 
RsvdMaskSize db ? ; Size of direct color reserved mask in 
PGsasS 
RsvdFieldPosition db ? ; Bit position of lsb of reserved mask 
DirectColorModelInfo db ? ; Direct color mode attributes 





; Mandatory information for VBE 2.0 and above 
PhysBasePtr dd ? ; Physical address for flat memory frame 
; buffer 
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OoffScreenMemOffset dd 2 ; Pointer to start off screen memory 
offScreenMemSize dw ? 7 Amount of off screen memory in 1k 

; units 
Reserved db 206 dup (?) ; Remainder of ModeInfoBlock 
ModeInfoBlock ends 


The ModeAttributes field describes certain important characteristics of the graphics mode. 
The ModeAttributes field is defined as: 


DO = Mode supported by hardware configuration 
0 Mode not supported in hardware. 
1 Mode supported in hardware. 
D1 = 1 Reserved. 
D2 = TTY Output functions supported by BIOS 
0 TTY Output functions not supported by BIOS. 
1 TTY Output functions supported by BIOS. 
D3 = Monochrome/color mode (see note below) 
Monochrome mode. 
1 Color mode. 
D4 = Mode type 
0 Text mode. 
1 Graphics mode. 
D5 = VGA compatible mode 
0 Yes 
1 No 
D6 = VGA compatible windowed memory mode available? 
0 Yes 
1 No 
D7 = Linear frame buffer mode available? 
0 No 
1 Yes 
D8—D15 = Reserved 


Bit DO is set to indicate that this mode can be initialized in the present hardware configuration. This 
bit is reset to indicate the unavailability of a graphics mode if it requires a certain monitor type, 
more memory than is physically installed, and so on. 


Bit D1 was used by VBE v1.0 and v1.1 to indicate that the optional information following the 
BytesPerScanLine field were present in the data structure. This information became mandatory 
with VBE version 1.2 and above, so D1 is no longer used and should be set to ‘1’. The Direct Color 
fields are only valid if the MemoryModel field is set to a 6 (Direct Color) or 7 (YUV). 


Bit D2 indicates whether the video BIOS has support for output functions like TTY output, scroll, 
and so on, in this mode. TTY support is recommended, but not required, for all extended text and 
graphic modes. If bit D2 is set to ‘1’, then the INT10h BIOS must support all of the standard output 
functions listed below. 


All of the following TTY functions must be supported when this bit is set: 


01 Set Cursor Size 

02 Set Cursor Position 

06 Scroll TTY window up or Blank Window 

07 Scroll TTY window down or Blank Window 

09 Write character and attribute at cursor position 
OA Write character only at cursor position 

OE Write character and advance cursor 


Bit D3 is set to indicate color modes, and cleared for monochrome modes. 


Copyright 1997 — Cirrus Logic Inc. 19-75 May 1997 


BIOS SPECIFICATION CL-GD5465 Technical Reference Manual 


Bit D4 is set to indicate graphics modes, and cleared for text modes. 


NOTE: Monochrome modes map their CRTC address at 3B4h. Color modes map their CRTC address at 
3D4h. Monochrome modes have attributes where only bit 3 (video) and bit 4 (intensity) of the 
attribute controller output are significant. Therefore, monochrome text modes have attributes of 
off, video, high intensity, blink, and so on. Monochrome graphics modes are two-plane graphics 
modes and have attributes of off, video, high intensity, and blink. Extended two-color modes (with 
the CRTC address at 3D4h) are color modes with one bit-per-pixel and one plane. The standard 
VGA modes, 06h and 11h, are classified as color modes, while the standard VGA modes, 07h 
and OFh, are classified as monochrome modes. 


Bit D5 indicates if the mode is compatible with the VGA hardware registers and I/O ports. If this bit 
is set, then the mode is notVGA compatible and no assumptions should be made about the avail- 
ability of any VGA registers. If this bit is clear, then the standard VGA I/O ports and frame buffer 
address (defined in WinASegment and/or WinBSegment) can be assumed. 


Bit D6 indicates if the mode provides windowing or banking of the frame buffer into the frame buffer 
memory region specified by WinASegment and WinBSegment. If set, then windowing of the frame 
buffer is not possible. If this bit is clear, then the device is capable of mapping the frame buffer into 
the segment specified in WinASegment and/or WinBSegment. (This bit is used in conjunction with 
bit D7; see Table 19-19 for usage.) 


Bit D7 indicates the presence of a linear frame buffer memory model. If this bit is set, the display 
controller can be put into a flat memory model by setting the mode (VBE function 02h) with the 
Flat Memory Model bit set. (This bit is used in conjunction with bit D6; see Table 19-19 for usage.) 


Table 19-19. Function 01h — Bits 7 and 6 Usage 




















D7 D6 Usage 
0 0 Windowed frame buffer only 
0 1 Not used 
1 0 Both Windowed and Linear@ 
1 1 Linear frame buffer only 











a Use D14 of the mode number to select the linear buffer on mode set 
(function 02h). 


The BytesPerScanLine field specifies how many full bytes are in each logical scanline. The log- 
ical scanline could be equal to or larger than the displayed scanline. 
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WinAAttributes and WinBAttributes describe the characteristics of the CPU windowing scheme, 
such as if the windows exist and are read/writeable. 


DO = Relocatable window(s) supported 
0 Single non-relocatable window only. 
1 Relocatable window(s) supported. 
D1 = Window readable 
0 Window not readable. 
1 Window readable. 
D2= Window writeable 
0 Window not writeable. 
1 Window writeable. 
D3-D7 = Reserved 


Even if windowing is not supported (bit DO = 0 for both window A and window B), an application 
can assume that the display memory buffer resides at the location specified by WinASegment 
and/or WinBSegment. 


WinGranularity specifies the smallest boundary (in Kbytes) to place the window in the frame 
buffer memory. The value of this field is undefined if bit DO of the appropriate WinAttributes field is 
not set. 


WinSize specifies the size of the window in Kbytes. 


WinASegment and WinBSegment address specify the segment addresses where the windows 
are located in the CPU address space. 


WinFuncPtr specifies the segment:offset of the VBE memory windowing function. The windowing 
function can be invoked either through VBE function O5h, or by calling the function directly. A direct 
call provides faster access to the hardware paging registers than using VBE function 05h, and is 
intended for use by high-performance applications. If this field is NULL, then VBE function 05h 
must set the memory window when paging is supported. This direct call method uses the same 
parameters as VBE function 05h, including AX; VBE v2.0 implementations return the correct 
return status. VBE v1.2 and earlier implementations do not require the Return Status information 
to be returned. For more information on the direct call method, see the notes in VBE function 05h 
on page 19-82. 


XResolution and YResolution specify the width and height in pixel elements or characters for this 
display mode. In graphics modes, these fields indicate the number of horizontal and vertical pixels 
that can be displayed. In text modes, these fields indicate the number of horizontal and vertical 
character positions. The number of pixel positions for text modes can be calculated by multiplying 
the returned XResolution and YResolution values by the character cell width and height indicated 
in the XCharSize and YCharSize fields described below. 


XCharSize and YCharSize specify the size of the character cell in pixels. This value is not zero 
based. For example, XCharSize for mode 3 using the 9 point font has a value of 9. 


The NumberOfPlanes field specifies the number of memory planes available to software in that 
mode. For standard 16-color VGA graphics, the field is set to 4. For standard packed-pixel modes, 
the field would be set to 1. For 256-color non-Chain-4 modes where the programmer needs to do 
banking to address all pixels, this value should be set to the number of banks required to get to all 
pixels (typically, 4 or 8). 
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The BitsPerPixel field specifies the total number of bits allocated to one pixel. For example, a 
standard VGA 4 Plane 16-color graphics mode would have a 4 in this field and a packed pixel 256- 
color graphics mode would specify 8 in this field. The number of bits-per-pixel per plane can nor- 
mally be derived by dividing the BitsPerPixel field by the NumberOfPlanes field. 


The MemoryModel field specifies the general type of memory organization used in this mode. 
The following models are defined: 


Field Mode 

00h = Text 

Oth = CGA graphics 

02h = Hercules graphics 

03h = Planar 

04h = Packed pixel 

05h = Non-Chain 4, 256 color 
O6h = Direct Color 

07h = YUV 

O8h-OFh = Reserved; to be defined by VESA. 
10h—-FFh = To be defined by OEM. 


In VBE v1.1 and earlier, the defined Direct Color graphics modes with pixel formats 1:5:5:5, 8:8:8, 
and 8:8:8:8 are a Packed Pixel model with 16, 24, and 32 bpp, respectively. In VBE v1.2 and later, 
the Direct Color modes use the Direct Color memory model and use the MaskSize and 
FieldPosition fields of ModelnfoBlock to describe the pixel format. BitsPerPixel is always defined 
in bits to be the total memory size of the pixel. 


The NumberOfBanks field contains the number of banks where the scanlines are grouped. When 
the scanline number is divided by the number of banks; the quotient is the bank that contains the 
scanline and the remainder is the scanline number within the bank. For example, CGA graphics 
modes have two banks; Hercules graphics mode has four banks. For modes that do not have 
scanline banks (such as VGA modes ODh-—13h), this field should be set to ‘1’. 


The BankSize field specifies the size of a bank (group of scanlines) in 1-Kbyte units. For CGA and 
Hercules graphics modes the size is 8, as each bank is 8192 bytes in length. For modes that do 
not have scanline banks (such as VGA modes ODh-13h), set this field to ‘0’. 


The NumberOflmagePages field specifies the ‘total number minus one (—1)’ of complete display 
images that fit into the frame buffer memory. If this field is non-zero, the application can load more 
than one image into the frame buffer memory and move the display window within each of those 
pages. This is only to determine the additional display pages available to the application. To deter- 
mine the available off-screen memory, use the OffScreenMemOffset and OffScreenMemSize 
information. 


NOTE: _ Ifthe ModelnfoBlock is for an IBM Standard VGA mode and the NumberOflmagePages field con- 
tains more pages than would be found in a 256-Kbyte implementation; the TTY support described 
in the ModeAttributes must be accurate. That is, if the TTY functions are claimed to be supported, 
they must be supported in all pages, not just the pages normally found in the 256-Kbyte imple- 
mentation. 


The Reserved field is defined to support a future VBE feature and is always set to ‘1’ in this ver- 
sion. 


May 1997 19-78 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual BIOS SPECIFICATION 


The RedMaskSize, GreenMaskSize, BlueMaskSize, and RsvdMaskSize fields define the size, 
in bits, of the RED, GREEN, and BLUE components of a Direct Color pixel. A bit mask can be con- 
structed from the MaskSize fields using simple shift arithmetic. For example, the MaskSize values 
for a Direct Color 5:6:5 mode would be 5, 6, 5, and 0 for the RED, GREEN, BLUE, and reserved 
fields, respectively. Note that in the YUV MemoryModel field, the RED field is used for V, the 
GREEN field is used for Y, and the BLUE field is used for U. Set the MaskSize fields to ‘0’ in modes 
using a memory model that does not have pixels with component fields. 


The RedFieldPosition, GreenFieldPosition, BlueFieldPosition, and RsvdFieldPosition fields 
define the bit position within the direct color pixel or YUV pixel of the LSB of the respective color 
component. A color value can be aligned with its pixel field by shifting the value left by the Field- 
Position. For example, the FieldPosition values for a Direct Color 5:6:5 mode would be 11, 5, 0, 
and 0, for the Red, Green, Blue, and Reserved fields, respectively. Note that in the YUV Memory- 
Model, the Red field is used for V, the Green field is used for Y, and the Blue field is used for U. Set 
the FieldPosition fields to ‘0’ in modes using a memory model that does not have pixels with com- 
ponent fields. 


The DirectColorModelnfo field describes important characteristics of Direct Color modes. Bit DO 
specifies if the color ramp of the DAC is fixed or programmable. If the color ramp is fixed, then it 
cannot be changed. If the color ramp is programmable, it is assumed that the Red, Green, and 
Blue lookup tables can be loaded by using VBE function 09h. Bit D1 specifies if the bits in the Rsvd 
field of the Direct Color pixel can be used by the application or are reserved, and thus unusable. 


DO = Color ramp is fixed/programmable 
0 Color ramp fixed. 
1 Color ramp programmable. 
Di = Bits in Rsvd field are usable/reserved 
0 Bits in Reserved field are reserved. 
1 Bits in Reserved field are usable by the application. 


The PhysBasePtr field is a 32-bit physical address of the start of the frame buffer memory when 
the controller is in Flat-Frame Buffer Memory mode. If this mode is not available, then this field is 
0. 


The OffScreenMemOffset field is a 32-bit offset from the start of the frame buffer memory. Extra 
off-screen memory required by the controller may be located either before or after this off-screen 
memory. The programmer must check OffScreenMemSize to determine the amount of off-screen 
memory available to the application. 


The OffScreenMemSize field contains the amount of available, contiguous off-screen memory in 
1-Kbyte units that can be used by the application. 


NOTE: VBE v1.1 and later reset to ‘0’ all unused fields in ModelnfoBlock, always returning exactly 256 
bytes. This facilitates upward compatibility with future versions of the standard, because any 
newly added fields are designed so that values of zero indicate nominal defaults or non-imple- 
mentation of optional features. (For example, a field containing a bit mask of extended capabilities 
would reflect the absence of all such capabilities.) Applications requiring backward compatibility 
to VBE v1.0 should pre-initialize the 256-byte buffer before calling the Return VBE Mode Informa- 
tion function. 
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19.6.5.3 Function: 02h — Set VBE Mode 


This required function initializes the controller and sets a VBE mode. The format of VESA VBE 
mode numbers is described earlier in this chapter. If the mode cannot be set, the BIOS should 
leave the graphics environment unchanged and return a failure error code. 





Input: AX = 4F02h Set VBE mode 
BX = Desired mode to set 
DO-D8 = Mode number 
D9-D13 = Reserved (must be ‘0’) 
D14 = 0 Use windowed frame buffer model 
1 Use linear/flat frame buffer model 
D15= 0 Clear display memory 
1 Do not clear display memory 
Output: AX = = VBE return status 

















NOTE: All other registers are preserved. 


If the requested mode number is not available, then the call fails and returns AH = 01h to indicate 
the failure to the application. 


If bit D14 is set, the mode is initialized for use with a flat-frame buffer model. The base address of 
the frame buffer can be determined from the extended mode information returned by VBE function 
Oth. If D14 is set and a linear-frame buffer model is not available, then the call fails and returns 
AH = 01h to indicate the failure to the application. 


If bit D15 is not set, all reported image pages (based on function 00h returned information 
NumberOflmagePages) are cleared to ‘00h’ in Graphics mode and ‘20 07’ in Text mode. Memory 
over and above the reported image pages does not change. If bit D15 is set, then the contents of 
the frame buffer after the mode change is undefined. Note that the 1-byte mode numbers used in 
function 00h of an IBM VGA-compatible BIOS use D7 to signify this function. If D7 is set for an 
IBM-compatible mode set using function 02h, this mode set fails. VBE-aware applications must 
use the Clear Display Memory bit in D15. 


NOTES: 


1) VBE BIOS v2.0 implementations should also update the BIOS Data Area 40:87 Clear Display Memory 
bit so that VBE function 03h can return this flag. VBE BIOS v1.2 and earlier implementations ignore the 
Clear Display Memory bit. 


2) This call should not set modes that are not listed in the list of supported modes. In addition, all modes 
(including IBM standard VGA modes), if listed as supported, must have ModelnfoBlock structures asso- 
ciated with them. 
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19.6.5.4 


Function: 03h — Return Current VBE Mode 


This required function returns the current VBE mode. The format of VBE mode numbers is 
described earlier in this chapter. 





Input: AX = 4F03h Return current VBE mode. 


Output: AX = VBE return status. 


BX = Current VBE mode. 

DO-D13 = Mode number. 

D14 = 0 Windowed frame buffer model. 
1 Linear/flat frame buffer model. 


D15= 0 Memory cleared at last mode set. 








1 Memory not cleared at last mode set. 








NOTES: 


1) 
2) 


19.6.5.5 


All other registers are preserved. 


Version 1.x: 

In a standard VGA BIOS, function OFh (Read Current Video State) returns the current graphics mode in 
the AL register. In D7 of AL, it also returns the status of the Memory Clear bit (D7 of 40:87). This bit is 
set if the mode was set without clearing memory. In this VBE function, the Memory Clear bit is not 
returned in BX because this function only returns the video mode. If it is necessary that an application 
obtain the Memory Clear bit, it should call the standard VGA BIOS function OFh. 


Version 2.x: 
Unlike v1.x VBE implementations, the Memory Clear flag is returned. The application should not call the 
standard VGA BIOS function OFh if the mode was set with VBE function 02h. 


The mode number returned must be the same mode number used in the VBE function 02h mode set. 


This function is not guaranteed to return an accurate mode value if the mode set was not done with VBE 
function 02h. 


Function: 04h — Save/Restore State 


This required function provides a complete mechanism to save and restore the display controller 
hardware state. The functions are a superset of the three subfunctions under the standard VGA 
BIOS function 1Ch (Save/Restore State) that does not guarantee that the extended registers of 
the video device are saved or restored. The complete hardware state (except frame buffer 
memory) should be saveable/restorable by setting the requested states mask (in the CX register) 
to ‘OOOFh’. 
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Input: AX = 4F04h = Save/Restore state. 
DL = 00h Return Save/Restore state buffer size. 
Oth Save state. 
02h Restore state. 
CX = Requested states. 
DO= Save/Restore controller hardware state. 
D1= Save/Restore BIOS data state. 
D2= Save/Restore DAC state. 
D3= Save/Restore register state. 
ES:BX = Pointer to buffer (if DL <> OOh). 
Output: AX = VBE return status. 
BX = Number of 64-byte blocks to hold the state buffer (if DL = 00h). 

















NOTE: All other registers are preserved. 
19.6.5.6 Function: 05h — Display Window Control 


This required function sets or gets the position of the specified display window or page in the frame 
buffer memory by adjusting the necessary hardware paging registers. Proper use of this function 
requires that the software first use VBE function 01h (Return VBE Mode Information) to determine 
the size, location, and granularity of the windows. 


For performance reasons, it may be more efficient to call this function directly, without incurring 
the INT10h overhead. VBE function 01h returns the segment:offset of this windowing function that 
may be called directly for this reason. Note that a different entry point may be returned based upon 
the selected mode. Therefore, it is necessary to retrieve this segment: offset specifically for each 
desired mode. 


Input: AX = 4F05h VBE Display Window Control. 
BH = 00h Set memory window. 
Oth Get memory window. 
BL= Window number. 


00h Window A. 
Oth Window B. 





DX = Window number in video memory in window granularity units 
(Set Memory Window only). 
Output: AX = VBE Return Status. 
DX = Window number in window granularity units (Get Memory Window only). 
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NOTES: 


1) InVBE v1.2 implementations, the direct far call version returns no Return Status information to the appli- 
cation. Also, in the far call version, the AX and DX registers is destroyed. Therefore, if AX and/or DX 
must be preserved, the application must do so prior to making the far call. The application must still load 
the input arguments in BH, BL, and DX (for Set Window). In VBE v2.0 implementations, the BIOS 
returns the correct Return Status and therefore, the application must assume that AX and DX are 
destroyed. 


2) Application programmers: 
This function is not intended for use in Linear Frame Buffer mode. If this function is requested, the func- 
tion call will fail with the VBE Completion code AH = O3h. 


3) VBE BIOS implementation: 
If this function is called while in a linear frame buffer memory model, this function must fail with comple- 
tion code AH = O3h. 


19.6.5.7 Function: 06h — Set/Get Logical Scanline Length 


This required function sets or gets the length of a logical scanline. This allows an application to set 
up a logical display memory buffer that is wider than the displayed area. VBE function 07h (Set/Get 
Display Start) then allows the application to set the starting position that is to be displayed. 
Input: AX = 4FO6h _-~VBE Set/Get logical scanline length. 

BL = 00h Set scanline length in pixels. 

Oth Get scanline length. 

02h Set scanline length in bytes. 

03h Get maximum scanline length. 
CX = If BL = 00h, desired width in pixels. 


If BL = 02h, desired width in bytes (ignored for Get functions). 




















Output: AX = VBE return status. 
BX = Bytes per scanline. 
CX = Actual pixels per scanline (truncated to nearest complete pixel). 
DX = Maximum number of scanlines 
NOTES: 


1) The desired width in pixels or bytes may not be achievable because of hardware considerations. The 
next larger value is selected that accommodates the desired number of pixels or bytes, and the actual 
number of pixels is returned in CX. BX returns a value that, when added to a pointer into display mem- 
ory, points to the next scanline. For example, in VGA mode 13h this is 320, but in mode 12h this is 80. 
DX returns the number of logical scanlines based upon the new scanline length and the total memory 
installed and usable in this display mode. 


2) This function is also valid in VBE supported text modes. In VBE-supported text modes the application 
should convert the character line length to pixel line length by getting the current character cell width 
through the XCharSize field returned in ModelnfoBlock, multiplying that times the desired number of 
characters per line and passing that value in the CX register. In addition, this function only works if the 
line length is specified in character granularity. That is, in 8-dot modes only multiples of eight work. Any 
value that is not in character granularity results in a function call failure. 
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3) During a failure to set scanline length by setting the CX value too large, the function fails with error 
code 02h. 


4) The value returned when BL = O3h is the lesser of either the maximum line length that the hardware can 
support, or the longest scanline length that would support the number of lines in the current video mode. 


19.6.5.8 Function: 07h — Set/Get Display Start 


This required function selects the pixel to be displayed in the upper-left corner of the display. This 
function can be used to pan and scroll around logical screens that are larger than the displayed 
screen. This function can also be used to rapidly switch between two different displayed screens 
for double-buffered animation effects. 





Input: AX = 4FO7h VBE Set/Get Display Start control. 
BH = 00h Reserved; must be 00h. 
BL= 00h Set Display Start. 


Oth Get Display Start. 


80h Set Display Start during vertical retrace. 


CX = First displayed pixel in scanline (Set Display Start only). 

DX = First displayed scanline (Set Display Start only). 
Output: AX = VBE return status. 

BH = 00h Reserved and is ‘0’ (Get Display Start only). 

CX = First displayed pixel in scanline (Get Display Start only). 

DX = First displayed scanline (Get Display Start only). 

















NOTE: _ This function is also valid in text modes. To use this function in text mode, the application should 
convert the character coordinates to pixel coordinates by using XCharSize and YCharSize 
returned in the ModelnfoBlock. If the requested Display Start coordinates do not allow for a full 
page of video memory or the hardware does not support memory wrapping, the function call 
should fail and no changes should be made. As a general case, if a requested Display Start is not 
available, fail the function call and make no changes. 


19.6.5.9 Function: 08h — Set/Get DAC Palette Format 


This required function manipulates the operating mode or format of the DAC palette. Some DACs 
are configurable to provide 6 or 8 bits or more of color definition per red, green, and blue primary 
colors. The DAC palette width is assumed to be reset to the standard VGA value of 6-bits per pri- 
mary color during any mode setting. 


Input: AX = 4FO08h __- VBE Set/Get palette format. 
BL= 00h Set DAC palette format. 
Oth Get DAC palette format. 














BH = Desired bits of color per primary (set DAC palette format only). 
Output: AX = VBE return status. 
BH = Current number of bits of color per primary. 
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An application can determine if DAC switching is available by querying bit DO of the Capabilities 
field of the VbelnfoBlock structure returned by VBE function 00h (Return Controller Information). 
The application can then attempt to set the DAC palette width to the desired value. If the display 
controller hardware is not capable of selecting the requested palette width, then the next lower 
value available to the display controller hardware is selected. The resulting palette width is 
returned. This function returns failure code AH = O3h if called in Direct Color or YUV mode. 


19.6.5.10 Function: 09h — Set/Get Palette Data 


This required function is important for RAMDACs larger than a standard VGA RAMDAC. The stan- 
dard INT10h BIOS Palette function calls assume standard VGA ports and VGA palette widths. This 
function offers a palette interface that is independent of the VGA assumptions. 


Input: AX = 4F09h VBE Load/Unload palette data. 
BL= 00h Set palette data. 
Oth Get palette data. 


02h Set secondary palette data. 


03h Get secondary palette data. 








80h Set palette data during vertical retrace with Blank bit on. 
CX = Number of palette registers to update (to a maximum of 256). 
DX = First of the palette registers to update (start). 
ES:DI = Table of palette values (see below for format). 
Output: AX = VBE Return Status. 











Format of palette values: Alignment byte, Red byte, Green byte, Blue byte. 








NOTES: 


1) For older RAMDACs, where programming the RAM values during display time causes a ‘snow-like’ 
effect on the screen, require that BL = 80h. Newer RAMDACs do not have this limitation and can be 
easily programmed at any time. Older RAMDACs require programming only during a non-display time 
to stop the snow effect seen when changing the DAC values. When this is requested, the VBE imple- 
mentation programs the DAC with blanking on. Check D2 of the Capabilities field returned by VBE func- 
tion OOh to determine if 80h should be used instead of 00h. 


2) The need for the secondary palette is for anticipated future palette extensions. If a secondary palette 
does not exist in an implementation and these calls are made, the VBE implementation returns error 
code 02h. 


3) In 6-bit mode, these 6 bits are the LSBs. This is due to speed as the application can typically shift the 
data faster than the BIOS. 


4) All applications should assume the DAC default is 6-bit mode. The application is responsible for switch- 
ing the DAC to higher color modes using function 08h. 


5) Query VBE function 08h to determine the RAMDAC width before loading a new palette. 


Copyright 1997 — Cirrus Logic Inc. 19-85 May 1997 


BIOS SPECIFICATION 


CL-GD5465 Technical Reference Manual 


19.6.5.11 Function: 0Ah — Return VBE Protected Mode Interface 


This required function call returns a pointer to a table that contains code for a 32-bit protected 
mode interface. This pointer can either be copied into local 32-bit memory space or executed from 


ROM, providing 
function returns 


the calling application sets all required selectors and I/O accesses correctly. This 
a pointer (in real mode space) with offsets to the code fragments, and additionally 


returns an offset to a table containing non-VGA port and memory locations that an application may 
require I/O access to. 














Input: AX = 4FOAh | VBE v2.0 Protected mode interface. 
BL= 00h Return Protected mode table. 
Output: AX = Status 
ES = Real mode segment of table. 
DI = Offset of table. 
CX = aie of table including Protected mode code in bytes (for copying pur- 
poses). 














The format of the table is: 


ES:DI+00h word offset in table of Protected mode code for function 5 for Set Window call. 
ES:DI+02h word offset in table of Protected mode code for function 7 for set Display Start. 
ES:DI+04h word offset in table of Protected mode code for function 9 for set Primary Palette Data. 


ES:DI + 06h word offset in table of ports and memory locations where the application requires I/O privileges. 
(Optional: If unsupported, this must be 0000h — see the sub-table for format.) 


ES:DI + ? Variable remainder of table including code. 


The format of the sub-table (ports and memory locations) is: 


Port, Port, ... , Port, Terminate Port List with FF FF, Memory locations (4 bytes), 
Length (2 bytes), Terminate Memory List with FF FF. 


Example 1. 


Example 2. 


Example 3. 


NOTES: 


For the port/index combination 3DE/Fh and memory locations DE800—DEA00h 
(length = 200h) the table would look like: 


DE 03 DF 03 FF FF 00 E8 OD 00 00 02 FF FF 

For the ports only, the table would look like: 

DE 03 DF 03 FF FF FF FF 

For the memory locations only, the table would look like: 
FF FF 00 E8 OD 00 00 02 FF FF 


1) All Protected mode functions should end with a near RET — as opposed to FAR RET — to allow the appli- 
cation software to CALL the code from within the ROM. 


2) The port and memory location sub-table does not include the frame buffer memory location. The frame 
buffer memory location is contained within the ModelnfoBlock returned by VBE function 01h. 


3) The Protected mode code is assembled for a 32-bit code segment. When copying it, the application 
must copy the code to a 32-bit code segment. 
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4) Itis the responsibility of the application to ensure that the selectors and segments are set up correctly. 
5) Currently undefined registers may be destroyed, with the exception of ESI, EBP, DS, and SS. 


6) Applications must use the same registers for function 05h and function 09h Protected Mode interface 
as those used in an actual mode call. This includes the AX register. 


7) Function 07h protected mode calls have a different format. 


AX = 4F0O7h 
BL= 00h Set Display CRTC Start. 
80h Set Display CRTC Start during vertical retrace. 
CX = Bits 15:0 of display start address. 
DX = Bits 31:16 of display start address. 


The Protected mode application must keep track of the color depth and scanline length to calculate the 
new start address. If a value an out-of-range value is programmed, unpredictable results occur. 


19.6.6 VBE Display PM (Power Management) Functions 


VESA VBE subfunction 10h implements the VBE/PM services. The VBE/PM services are defined 
below and are not included in the VBE standard documentation. 
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19.6.6.1. Function: 00h — Report VBE/PM Capabilities 











Input: AH = 4Fh VESA extension. 
AL= 10h VBE/PM services. 
BL = 00h Report VBE/PM capabilities. 
CX = 00h Controller unit number (00 = primary controller). 
ES:DI Null pointer, must be 0000:0000h in v1.0. 
Reserved for future use. 
Output: AX = Status 
BH = Power saving state signals supported by the controller.4 
1 = supported, 0 = not supported. 
bits 7:4 Reserved for future power control of the display controller or other related 
circuits. 
bit 3 REDUCED ON 
bit 2 OFF 
bit 1 SUSPEND 
bit 0 STAND BY 
BL = VBE/PM version number (0001 0000b for this version). 
bits 3:0 Minor version number. 
bits 7:4 | Major version number. 
CX = Unchanged. 
ES:DI = Unchanged. 











a The attached display may not support all the power states that the controller can signal. It is the responsibility of the 
power management program to determine which power saving states are offered by the controller. If the controller 
can determine which power saving state implemented in the attached display device, this function reports the power 
saving states supported by both the controller and the display. 


b REDUCED ON is not supported by DPMS v1.0 displays and is intended for use by flat panel displays. 


NOTE: All other registers may be destroyed. 
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19.6.6.2 Function: 01h — Set Display Power State 


Input: AH = 


4Fh 
10h 
Oth 


00h 
Oth 
02h 
04h 
08h 


VESA extension. 
VBE/PM services. 

Set Display Power state. 
Requested Power state. 
ON 

STAND BY 

SUSPEND 

OFF 

REDUCED ON@ 


All other BH values are currently undefined and are reserved for future power control of the dis- 
play controller. 








CX = 00h Controller unit number (00 = primary controller). 
Output: AX = Status 

BH = Unchanged 

CX = Unchanged 











@ REDUCED ON is not supported by DPMS v1.0 displays and is intended for use by flat panel displays. 


b |f the requested state is not available, this function returns AX = 014Fh to indicate that the function is supported, but 
the call failed. In this case, the BH register and Display Power State remain unchanged. 


NOTE: All other registers may be destroyed. 
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19.6.6.3 Function: 02h — Get Display Power State 


Input: AH = 4Fh VESA extension. 
AL= 10h VBE/PM services. 
BL = 02h Get Display Power state. 
CX = 00h Controller unit number (00 = primary controller). 
Output: AX = Status4 
BH = Power state currently requested by the controller. 
00h ON 


Oth STAND BY 

02h SUSPEND 

04h OFF 

08h REDUCED ON 
All other BH values are reserved and can be used to signal other power-saving states 
in future revisions of VBE/PM. To ensure future compatibility, applications written for 


VBE/PM v1.0 should ignore the value of bits 7:4. 
CX = Unchanged 

















a If this function is not supported by the controller hardware, AL10h should be returned in the status register. This 
function should always read the controller hardware to determine the current power state. This function should not 
rely on any form of information stored in memory about the power state that was last initiated through a VBE/PM call. 
Power state signaling can be initiated through many different hardware and software interfaces, making any stored 
information potentially invalid. 


b REDUCED ON is not supported by DPMS v1.0 displays and is intended for use by Flat Panel Displays. 


NOTE: All other registers may be destroyed. 
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19.6.7 VBE Display Identification (DDC) Functions 


VESA VBE subfunction 15h implements the VBE/DDC services. The VBE/DDC services are 
defined below and are not included in the VBE standard documentation. 


00h — Report VBE/DDC Capabilities 


19.6.7.1 Function: 








Input: AH = 4Fh VESA extension. 
AL = 15h VBE/DDC services. 
BL= 00h Report DDC capabilities. 
CX = 00h Controller unit number (00 = primary controller). 
ES:DI = NULL pointer; must be ‘00’ in v1.0. 
Reserved for future use. 
Output: AX = Status 
BH = Approximate time in seconds — rounded up — to transfer one EDID block 
(128 bytes). 
BL = DDC level supported.@ 
bit 0 
= DDC1 not supported. 
1= DDC1 supported. 
bit 1 
7 DDC2 not supported. 
1= DDC2 supported. 
bit 2 
= Screen not blanked during data transfer. 
15 Screen blanked during data transfer. 
CX = Unchanged 
ES:DI = Unchanged 











2 DDC level supported by both the display and the controller. 
b This refers to the behavior of the controller and the VBE/DDC software. 


NOTE: All other registers may be destroyed. 
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19.6.7.2 Function: 01h — Read EDID 
Input: AH = 4Fh VESA extension. 
AL= 15h VBE/DDC services. 
BL = Oth Read EDID. 
CX = 00h Controller unit number (00 = primary controller). 
DX = 00h EDID block number. Zero is only a valid value in v1.0. 
ES:DI = Pointer to area where the EDID block (128 bytes) is returned. 
Output: AX = Status 
BH = Unchanged 
CX = Unchanged 
ES:DI = Pointer to area where the EDID block is returned. 
NOTE: All other registers may be destroyed. 
19.6.7.3 Function: 02h — Read VDIF Block 
Input: AH = 4Fh VESA extension. 
AL= 15h VBE/DDC services. 
BL = 02h Read VDIF block. 
CX = 00h Controller unit number (00 = primary controller). 
DX = VDIF block number (64-byte block). 
ES:DI = Pointer to area where the VDIF block is returned. 
Output: AX = Status 
BX = Unchanged 
CX = Unchanged 
ES:DI = Pointer to area containing the VDIF block (64 byte). 
NOTE: All other registers may be destroyed. 
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19.7 Cirrus Logic BIOS Extensions 


This section covers the Cirrus Logic extensions to the VGA BIOS. The Cirrus Logic BIOS supports 
all standard VGA BIOS INT10h video service functions. In addition, the BIOS provides extensive 
support for various features of the Cirrus Logic VGA controller. These functions are available as 
extended functions under INT10h. The standard VGA BIOS INT10h video service functions are 
described in Section 19.1.3. All extended function calls preserve the CPU registers, except those 
that pass information from the BIOS. 


19.7.1. Descriptions of Functions 


The following sections list and describe the Cirrus Logic BIOS functions. 


19.7.1.1. Inquire VGA Type 


This function provides a mechanism for software to determine the type of Cirrus Logic VGA con- 
troller, silicon revision number, and the corresponding hardware capabilities. BIOS versions that 
do not support these functions preserve the input value in AL register. BL is invalid when running 
in Windows 3.1 or Windows 95. 





Input: AH = 12h 
BL = 80h 
Output: AX = Controller type. 
0= No extended alternate select support. 
1= Reserved 


60h = CL-GD5462 
61h = CL-GD5464 
64h = CL-GD5465 








BL = Configuration space revision ID register. 











19.7.1.2 Inquire BIOS Version Number 


This function provides a mechanism for software to determine the BIOS version number. 





Input: AH = 12h 
BL = 81h 

Output: AH = Major BIOS version number. 
AL = Minor BIOS version number. 


For example, if BIOS v1.02, then AH is 01h and AL is 02h. 
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19.7.1.3 Inquire Cirrus Logic Design Revision Code 


This function allows software to determine the Cirrus Logic silicon revision. This function does not 
work under Windows 3.1 or Windows 95. 





Input: AH = 12h 
BL = 82h 
Output: AL= Configuration space Revision ID register. 

















19.7.1.4 Return Installed Memory 


This function returns the amount of video memory present in 64-Kbyte units. 











Input: AH= 12h 
BL= 85h 
Output: AL = Amount of video memory present in 64-Kbyte units. 
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19.7.1.5 Inquire User Options 


BIOS SPECIFICATION 


This function returns the current status of user options. The values of the vertical frequencies and 
maximum vertical resolution correspond to the values defined as input for functions A4h, Set Mon- 
itor Type (Vertical). 














Input: AH = 12h 
BL = 9Ah 
Output: AX = Contains the following options: 
Bit Description 
13:0 Reserved. 
14 640 x 480 refresh 60 Hz. 
640 x 480 refresh greater than 60 Hz. 
15 Reserved 
BX = 15:0 Reserved 
CX = Contains the following options: 
Bit Description 
0 Reserved 
3:1 1280 x 1024 vertical frequency. 
7:4 Maximum vertical resolution. 
11:8 800 x 600 vertical frequency. 
15:12 1024 x 768 vertical frequency. 
DX = DL[3:0] 640 x 480 vertical frequency 
DL[7:4] 1600 x 1200 vertical frequency 
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19.7.1.6 Query Video Mode Availability 








Input: AH = 12h 
AL = Video mode number (0—7fh). 
BL= AOh 
Output: AH = Bit 
0 
O= Video mode not supported. 
1= Video mode supported. 
DS:Sl = Pointer to standard video parameters or FFFF:FFFF if standard parame- 
ters are undefined for this mode. 
ES:DI = Pointer to supplemental video parameters or FFFF:FFFF if supplemental 
parameters are undefined for this mode. 
BX = Offset to BIOS subroutine to ‘fixup’ the parameters pointed to by DS:Sl. 
This routine requires that ES:DI points to the proper supplemental video 
parameters. 
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19.7.1.7 Read Monitor ID/Type 


This function uses the analog sense circuitry to detect the type of monitor. The digital monitor ID 
pins are not used to read the monitor type. The monitor ID returned in register BH is determined 
by the monitor type sensed (color, monochrome, or none) and may not correspond to the actual 
digital monitor ID of the current monitor. This function is typically used as a diagnostic function to 
test the monitor sense occurring during POST. The capabilities (refresh rates supported) of the 
monitor are determined by the parameters passed to function A4h, Set Monitor Type (Vertical). 





Input: AH = 12h 

BL = Ath Read monitor ID and type from 15-pin connector. 
Output: BH = Monitor ID. 

09h = IBM 8604/8507 or equivalent. 

OAh = IBM 8514 or equivalent. 

OBh = IBM 8515 or equivalent. 

ODh = IBM 8503 or equivalent. 

OEh = IBM 8512/8513 or equivalent. 

OFh = No monitor. 

00h..08h, OCh = Reserved. 

BL = Monitor gender. 

00 = Color display. 

01 = Grayscale display. 

02 = No display. 
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19.7.1.8 Set Monitor Type (Vertical) 


This function sets the monitor type in terms of vertical timings. The monitor type information is 
used by the BIOS to determine the frequency used for selecting an extended mode. It is also used 
(in conjunction with the amount of display memory available) to determine the available extended 
modes. The monitor type can be read back using function 9Ah. 


To maintain compatibility with previous Cirrus Logic BIOS releases, obsolete frequencies are not 
removed from this function. The appearance of any frequency in the description of this BIOS call 
is no guarantee that any given BIOS actually supports that frequency. In general, the trend is 
towards supporting higher frequencies and deleting support for lower frequencies. 


Input: AH = 012h 
BL = OA4h 
AL[3:0] = Maximum vertical resolution. 
000h 480 scanlines. 
001h 600 scanlines. 
002h 768 scanlines. 
003h 1024 scanlines. 
004h 1200h scanlines. 
005h—00Fh Reserved. 
AL[7:4] = 640 x 480 frequency. 
000h 60 Hz 
00th 72 Hz 
002h 75 Hz 
003h 85 Hz 
004h-—00Fh Reserved. 
BH[3:0] = 800 x 600 frequency. 
000h 56 Hz 
00th 60 Hz 
002h 72 Hz 
003h 75 Hz 
004h 85 Hz 
005h—00Fh Reserved. 
BH[7:4] = 1024 x 768 frequency. 
000h 43:2 Hz 
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Input: (cont.) 001h = 60 Hz 
002h = 70 Hz 
004h = 75 Hz 
005h = 85 Hz 
003h, 0O06h-OOFh = _—~Reserved. 
CH[3:0] = 1600 x 1200 frequency. 
1= 60 Hz 
O= 48i Hz 
002h—00Fh Reserved. 
CH[7:4] = 1280 x 1024 frequency. 
4= 85 Hz 
3= 75 Hz 
2= 71.2 Hz 
1= 60 Hz 
O= 87i Hz 
005h—00Fh Reserved. 
CL = Reserved. 
DX = Reserved. 

















a ‘i indicates interlaced. 
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19.7.1.9 Set Monitor Type (Horizontal) 


This function sets the monitor type in terms of horizontal timings. The monitor type information is 
used by the BIOS to select the optimal display timings for extended modes. The current monitor 
type can be read back using function 9Ah. 








Input: AL = 12h 
BL = A2h Set monitor type. 
AL= Monitor type to set. 
7= Extended super multi-frequency (31.5—64.0 kHz). 
6 = Super multi-frequency (31.5—56.0 kHz). 
5= Extended Multi-frequency (31.5—-38.0 kHz). 
4= Multi-frequency (31.5-37.8 kHz). 
3= Extended Super VGA (31.5-35.5 kHz). 
2= Super VGA (31.5-35.1 kHz). 
1= 8514-compatible (31.5 KHz and 35.5 kHz — interlaced). 
0= VGA (31.5 kHz). 
Output: None 

















19.7.1.10 Generic Fixup 


This function can be used to determine if ‘fixups’ are supported and to process them. Fixups are 
used to override inappropriate register values or add new registers to be processed on mode 














changes. 

Input: AH = 12h 

BL = Adh 

AL = 0 Query support. 
Output: AH = 1 Supported. 

AH <> 1 Not supported. 
Input: AH = 12h 

BL = Adh 

AL = 1 Process fixup. 
Output: AX = Undefined. 
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19.7.1.11 Frame Buffer Set/Get Physical Address 


This function sets or gets, respectively, the physical address of the frame buffer. In a VESA VL-Bus 
system, the Get/Put function does not work under Windows 3.1 or Windows 95. Use A7 to get the 
register address, then read the memory address from the registers (BASE1_ ADDRESS 0x314). 











Input: AH = 12h 
BL = A6h 
BH = 1h Set. 
DX:CX = Physical address of frame buffer. 
Output: None 
Input: AH = 12h 
BL = A6h 
BH = Oh Get. 
Output: DX:CX = Physical address of frame buffer. 
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19.7.1.12 Set/Get Memory-Mapped Registers 
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This function sets or gets, respectively, the memory-mapped register physical address. 




















Input: AH = 12h 
BL = A7h 
BH = 1h Set. 
DX:CX = Physical address of memory-mapped registers. 
Output: None 
Input: AH = 12h 
BL = A7h 
BH = Oh Get. 
Output: DX:CX = Physical address of memory-mapped registers. 











19.7.1.13 Enable Tiled Mode 


This function puts the RDRAM into Tiled mode. As the driver or application requires, this function 
is called after a mode change call to switch the memory from Linear to Tiled mode. High-perfor- 
mance drivers use Tiled mode, whereas DOS VGA and VESA/VBE applications do not. This does 


not setup the 2D Engine registers. 

















Input: AH = 12h 
BL = B3h 
Global variable 0:449 is consulted for Video mode. 
Output: AL = Tile size. 
1= 128 
2= 256 
AH = Mode or FF if error. 
BL = Fetches per line (multiple of 128 bytes). 
BH = Interleave. 
0= 1-way 
1= 2-way 
2= 4-way 
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19.7.1 


19.8 


19.8.1 


.14 Get FIFO/Format 


This function retrieves the FIFO/graphics part of Graphics/Video Format register (offset COh). 








Input: AH = 12h 
BL = B5h 
Output: AH = FIFO half of format 
AL = Graphics half of format 














Extended Modes in RAM 


Extensions to the Save Area Table 


Cirrus Logic BIOS (standard version) supports VGA-compatible modes along with a set of 
extended modes. OEMs can add new modes to the system or redefine existing modes that are in 
extended modes. OEMs can add new modes to the system or redefine existing modes that are in 
the VGA ROM by manipulating the BIOS save area table pointed to by 0040:00a8. This table is 
located in ROM after the system boots. Any changes must be made in a RAM copy. Cirrus Logic 
has extended the definition of this table with ‘negative’ offsets that point to Cirrus Logic-defined 
parameters. Table 19-20 presents the compatible table and the defined extensions. 


Table 19-20. Extensions to the Save Area Table 












































Offset Size Description 

-14h dword Pointer to next negative offset table in linked list. 

10h word Set to 04h if offset —14h is valid pointer, set to 00h if this link is the last in RAM. 
To block all ROM-based modes, set this field to 04h, and offset 14 to 0:0. 

—OEh word Size of supplemental table. 

—0Ch dword Pointer to extended mode supplemental parameters. 

—08h dword Pointer to extended mode standard parameters. 

—04h word Number of extended video modes. 

—02h word ‘RV’ identifier. 

00h dword Pointer to standard mode standard parameters. 

04h dword Dynamic saver area pointer (palette save area). 

08h dword Alpha mode auxiliary character generator pointer. 

OCh dword Graphics mode auxiliary character generator pointer. 

10h dword Secondary save pointer. 

14h dword Reserved and set to ‘0’. 

18h dword Reserved and set to ‘0’. 
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19.9 BIOS Processing 


The Cirrus Logic BIOS determines the mode to select by processing a linked list of extended mode 
supplemental parameter tables, at the same time evaluating several factors such as, memory size, 
monitor type, memory clock, and the associated chipset. Travelling from the top down, the BIOS 
services a mode set request once all factors are satisfied. A mode that has multiple horizontal fre- 
quencies must be sequentially ordered from the highest frequency at the top, to the lowest at the 
bottom. This ensures that the BIOS always sets the correct mode for the given monitor type. 


Modes can be added to the BIOS by manipulating the structure described above. It always looks 
for RAM-defined links first to satisfy a mode set request. If it cannot find a mode based on the cur- 
rent configuration of the video subsystem, the ROM tables are then scanned. 


If new modes are to be added to the BIOS by defining them in RAM, a TSR need only modify the 
negative offsets previously described (that is, higher refresh rates of the previously defined mode 
or entirely new mode numbers). If modes are to be redefined, special care must be taken. If aTSR 
needs to modify a particular frequency of a mode that has higher frequencies already defined in 
ROM, all frequencies must be redefined in RAM. 


19.10 Extended Mode Supplemental Parameters 


Table 19-21 describes what the BIOS expects in the supplemental structure discussed above. The 
extended mode supplemental parameters table is divided into two physical tables to conserve 
space. The format of the tables are shown below. The tables are subject to change without notice. 


Table 19-21. Extended Mode Supplemental Parameters Table 1 












































Offset Size Description 
00 byte Video mode number. 
01 word VESA video mode number. 
03 word Horizontal resolution. 
05 word Vertical resolution. 
07 byte Bits per color. 
08 byte Character width. 
09 byte Character height. 
OA byte VESA memory model (defined in VESA function 1). 
0B byte VESA mode attributes (defined in VESA function 1). 
0c byte Standard Parameter List index. 
OD byte Memory required, in 64-Kbyte blocks, specified for Tiled mode. 
OE byte Fetches per line. 
OF byte Tiled FIFO. 
10 byte Linear FIFO. 
11 word Offset into Table 2. 
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Table 19-21. Extended Mode Supplemental Parameters Table 1 (cont.) 


BIOS SPECIFICATION 























Offset Size Description 
13 byte Number of entries. 
14 byte SR07 8-bit Packed-Pixel{0}/VS Control register (Linear). 
15 byte CR1D Screen Start Extension register. 
16 byte CR1B Extended Display Controls register (Linear). 
17 byte CR13 Offset register (Linear). 
18 byte CR1B Extended Display Controls register (Tiled). 
19 byte CR13 Offset register (Tiled). 














Table 19-22. Extended Mode Supplemental Parameters Table 2 






































Offset Size Description 
00 byte Refresh. 
01 byte Refresh index. 
02 byte Miscellaneous output value. 
03 byte Format register high byte. 
04 byte Monitor list. 
05 byte SROE VCLK3 Numerator register. 
06 byte SR1E VLCK3 Denominator and Post Scalar register. 
07 byte CR19 Interlace End register. 
08 byte CRI1A Miscellaneous Control register. 
OA byte CR1E Timing Overflow register. 
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CONNECTOR PINS 


Table A1-1. VGA DB15 









































Pin Number Standard VGA DDC2B 
1 Analog RED Analog RED 
2 Analog GREEN Analog GREEN 
3 Analog BLUE Analog BLUE 
4 Monitor ID 2 Monitor ID 2 
5 n/c DDC return 
6 Analog RED return Analog RED return 
7 Analog GREEN return Analog GREEN return 
8 Analog BLUE return Analog BLUE return 
9 n/c Voc supply (optional) 
10 Digital ground Digital ground 
11 Monitor ID 0 Monitor ID 0 
12 Monitor ID 1 Data: SDA 
13 HSYNC HSYNC 
14 VSYNC VSYNC 
15 n/c Clock: SCL 

















RED 
GREEN 
BLUE 









6 

11 
se O 
O 
O O 

OC HSYNC 
. o VSYNC 
10 O 

15 


Figure A1-1. VGA DB15 Pin Connections 
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Table A1-2. VESA® Pass-Through Connector 
































Number Z Y 

1 Ground P[0] 

2 Ground P[1] 

3 Ground P[2] 

4 EVIDEO# P[3] 

5 ESYNC# P[4] 

6 EDCLK# P[5] 

7 l2C Clocka P[6] 

8 Ground P[7] 

9 Ground DCLK 
10 Ground BLANK# 
11 Ground HSYNC 
12 VCLK VSYNC 
13 l2C Dataa Ground 




















a These pins are reserved by VESA. 


21 


©@@@@000086680 
WOOO 


213 
Y13 1 
HSYNC DCLK 


VSYNC BLANK# 


NOTE: Ground pins are shown in black. 
The connector is rotated 180 degrees on the PCI reference design. 


Figure A1-2. VESA® Pin Connections — View from Component Side 
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Table A1-3. PCI Bus 
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Pin Side B Side A Pin Side B Side A 
1 —12V (not used) TRST# (not used) 32 AD[17] AD[16] 
2 TCK (not used) +12 V (not used) 33 C/BE[2]# +3.3 V (optional) 
3 Ground TMS (not used) 34 Ground FRAME# 
4 TDO (not used) TDI (not used) 35 IRDY# Ground 
5 +5 V +5 V 36 +3.3 V (optional) TRDY# 
6 +5 V INTA# 37 DEVSEL# Ground 
7 INTB# (not used) INTC# (not used) 38 Ground STOP# 
8 INTD# (not used) +5 V 39 LOCK# +3.3 V (optional) 
9 PRSNT1# Reserved 40 PERR# (not used) SDONE (not used) 
10 Reserved +VIO (not used) 41 +3.3 V (optional) SBO# (not used) 
11 PRSNT2# Reserved 42 SERR# (not used) Ground 
12 Ground Ground 43 +3.3 V (optional) PAR 
13 Ground Ground 44 C/BE[1]# AD[15] 
14 Reserved Reserved 45 AD[14] +3.3 V (optional) 
15 Ground RST# 46 Ground AD[13] 
16 CLK +VIO (not used) 47 AD[12] AD[11] 
17 Ground GNT# (not used) 48 AD[10] Ground 
18 REQ# (not used) Ground 49 Ground AD[09] 
19 +VIO (not used) Reserved 50 (Connector key) (Connector key) 
20 AD[31] AD[80] 51 (Connector key) (Connector key) 
21 AD[29] +3.3 V (optional) 52 AD[08] C/BE[0]# 
22 Ground AD[28] 53 AD[07] +3.3V (optional) 
23 AD[27] AD[26] 54 +3.3 V (optional) AD[06] 
24 AD[25] Ground 55 AD[05}] AD[04] 
25 +3.3 V (optional) AD[24] 56 AD[03] Ground 
26 C/BE[3]# IDSEL 57 Ground AD[02] 
27 AD[23] +3.3 V (optional) 58 AD[01] AD[00] 
28 Ground AD[22] 59 +VIO (not used) +VIO (not used) 
29 AD[21] AD[20] 60 ACK64# (not used) REQ64# (not used) 
30 AD[19] Ground 61 +5 V +5 V 
31 +3.3 V (optional) AD[18] 62 +5 V +5 V 
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COMPONENT SIDE 


BRACKET 








PCI 


Figure A1-3. PCI Bus Pin Connections — View from Component Side 
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LAYOUT GUIDELINES 


1. INTRODUCTION 


The CL-GD5465 controller is a highly integrated, mixed-signal device with high operating fre- 
quencies. These devices are designed into graphics subsystems with very high bandwidth 
buses. To obtain a board that performs to expectations, the board design team should carefully 
follow these guidelines. 


In addition to the host and VMI interfaces, the CL-GD5465 connects to a Rambus channel. 
This appendix includes detailed instructions that make the Rambus channel layout straight- 
forward and less error-prone than a standard DRAM memory interface. 


The Cirrus Logic Desktop Applications Group has built a number of reference designs and 
have helped many customers solve performance and FCC problems. This guideline is 
intended to help our customers by sharing this experience. 


2. REFERENCE DESIGNS 


Complete reference designs for PCI bus adapter cards and AGP bus adapter cards are avail- 
able from Cirrus Logic. These designs have been rigorously tested in the laboratories of the 
Cirrus Logic Desktop Applications Group and have FCC certification. Interested customers 
should contact their Cirrus Logic sales office representative. 


3. PARTS PLACEMENT 


The first consideration is parts placement. This section discusses the placement of the 
CL-GD5465 and the peripheral logic. 
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3.1 


PCI Bus Adapter Card 


Figure B1-1 indicates how the components are placed on the Cirrus Logic PCI adapter card 
reference design. This figure is an artist's conception. See the reference design package for 
Gerber files for the actual board. The CL-GD5465 device is placed very close to the PCI inter- 
face and approximately centered on the interface. The device is rotated so that pin 1 is at the 
bottom left corner, placing the PCI bus interface next to the connector. 


Rambus Channel A is at the right hand of the CL-GD5465. Rambus Channel A supports up to 
two RDRAMs plus an RSocket. Rambus Channel B is at the left. Rambus Channel B supports 
a single RDRAM plus an RSocket. Note that the CL-GD5465 is a single-channel device and 
that Rambus Channel B is not used. 


The power regulators, EPROM, and VMI connectors (including the analog audio and analog 
video) are all across the top of the board. The DB15 video connector is near the bottom left 
corner of the board with the video filters between it and the Rambus Channel B. 


VMI CONNECTOR 
POWER 
AUDIO FEATURE 270256 REGULATORS 
JACK CONNECTOR EPROM 


RCA 
JACK 


DB15 RAMBUS® RAMBUS® 
VGA FILTERS | CHANNEL B CL-GD5465 CHANNEL A 
8 








Figure B1-1. PCI Adapter Board Parts Placement 
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3.2 


3.3 


AGP Bus Adapter Card 


Figure B1-2 indicates how the components are positioned on the Cirrus Logic AGP adapter 
card reference design. The CL-GD5465 device is placed very close to the AGP interface and 
approximately centered on the interface. The device is rotated so that pin 1 is at the bottom left 
corner, placing the AGP/PCI bus interface next to the connector. 


Rambus Channel A is at the right side of the CL-GD5465. Rambus Channel A supports up to 
two RDRAMs and the RSocket. Rambus Channel B is at the left side. Rambus Channel B sup- 
ports a single RDRAM and the RSocket. Note that the CL-GD5465 is a single-channel device 
and that Rambus Channel B is not used. 


The EPROM, VMI connectors, and DB15 video connector are across the top of the board. The 
power regulator is near the bottom left corner of the board. 


DB15 VMI CONNECTOR 270256 


VGA EPROM 


FEATURE 
VIDEO CONNECTOR 


FILTERS 


RAMBUS® RAMBUS® 
CHANNEL B CL-GD5465 CHANNEL A 


POWER 
REGULATOR 





Figure B1-2. AGP Adapter Board Parts Placement 


Motherboard 


Parts placement is as important in a motherboard design as in an adapter card. The Cirrus 
Logic controller must simultaneously be close to the Rambus channel(s), the CPU, and the 
core logic. At the same time, these components must be well away from components on the 
motherboard that could induce noise, such as the main memory, keyboard controller and other 
peripherals, and the adapter slots. 
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4. POWER 


Cirrus Logic recommends the use of multi-layer boards for its components, especially when 
designed into high-performance systems. As frequencies continue to get higher, it becomes 
less and less likely that acceptable results can be obtained with a two-layer board. One plane 
must be dedicated exclusively to the distribution of power, and one plane must be dedicated 
exclusively to ground. 


Figure B1-3 shows how power is isolated for the CL-GD5465. The PCI reference is given as 
an example. This drawing is an artist's conception. The actual Gerber files should be used as 
a reference. 


The 5-V rail is brought onto the board from the PCI bus. A section of the power plane around 
the periphery of the board is 5 V. This section powers the reference oscillator and the BIOS 
EPROM, shown shaded in the Figure B1-3. 


A 3.3-V fixed-voltage three-pin regulator reduces the 5-V rail to 3.3 V. The unshaded section 
of the power plane in the diagram is 3.3 V. Cirrus Logic recommends a local regulator rather 
than using 3.3 V off the PCI bus since this provides better control over the supply. Within the 
3.3-V section, there are three cutouts that are completely isolated and powered by LC filters. 
These cutouts supply power to DCLKVDD, MCLKVDD, and DACVDD. Each power filter is 
made up of a ferrite bead plus 10-uF and 0.1-uF capacitors. These cutouts should be at least 
100 mils wide. 


REGULATORS 










5-V AREA 


OD 


DCLKVDD 
DACVDD 





MCLKVDD 






















3.3-V AREA 


| po 

















Figure B1-3. Power Isolation and Conditioning 
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5. GROUND 


One plane on the board must be dedicated to ground. The ground plane underneath the Ram- 
bus channel should not be cut or discontinued in any way. Also, the layer stacking should be 
so that the ground plane is under the component side. 


6. DECOUPLING CAPACITORS 


The CL-GD5465 operates at high frequencies (up to 300 MHz). Adequate power decoupling 
is absolutely crucial to a successful design. Each power pin on the device must have a 0.1-uF 
capacitor returned to ground. These capacitors must be placed as close to the respective 
power pins as possible. These capacitors must have excellent high-frequency characteristics; 
Cirrus Logic has found that the surface-mount ceramic chip capacitors perform adequately. 


The Rambus channel has decoupling requirements that must be addressed carefully. These 
requirements are discussed in Section 8. 


7. RGBLINES 


The RGB traces are likely to be fairly long. The rise and fall times on these traces are on the 
order of 2—4 ns, causing them to behave as transmission lines. This means that the character- 
istic impedance must be controlled and must be close to the nominal monitor termination value 
of 75 Q. 


There must be 7 LC filters on each of the RGB lines, as shown in the reference designs. The 
recommended component values are 10 pF for the capacitors. The inductor is a ferrite bead, 
with 10-20 © impedance at 100 MHz. 


There is a trade-off involved in the selection of component values for these filters. Obtaining 
crisp video on the screen requires the rise and fall times to be as short as possible. However, 
to obtain acceptable emissions testing results, one would like relatively slow rise and fall times. 
As the pixel rates get higher and higher, there is less margin between these two conflicting 
requirements. The component values represent the best engineering judgement at the time of 
this publication. The filter components must be placed as closely as possible to the VGA DB15 
connector. 
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8.1 


8.2 


8.3 


RAMBUS® CHANNELS 


The Rambus channel is designed taking into account the analog nature of a very high-fre- 
quency interconnection. The result is an electrical environment capable of supporting signals 
with edges every 1.9 ns that can be successfully fabricated using traditional PCB manufactur- 
ing technology. Issues such as trace length, trace width, characteristic impedance, capacitive 
loading, and routing have been considered and specified. 


The two Rambus channels are electrically identical (except on the reference designs, Channel 
B supports a single RDRAM). The layout for Rambus Channel B is made by rotating Channel 
A 180 degrees and translating it to the left of the CL-GD5465 device. 


Rambus has extensive design documentation available at www.rambus.com. This document 
should be considered supplemental to the Rambus design information. 


Physical Layout 


Gerber files are available from Cirrus Logic that show the actual physical layout. 


CL-GD5465 Layout 


As previously discussed, excellent power bypassing Is important. The ceramic-chip capacitors 
are placed as close as possible to each power pin on the CL-GD5465 and are connected with 
very short traces. The smallest standard case size (0805) should be selected. 


Excellent bypassing for RAVREF and RBVREF is important, especially since the reference 
voltage is generated at a significant distance from the CL-GD5465 and the RDRAMs. A 
ceramic-chip capacitor is placed as close as possible to RAVREF. Refer to Section 9.6.2 for 
much more information regarding RAVREF and RBVREF. 


The control current for the Rambus interface is generated with one resistor between VTERM 
and CCTL. This control current determines the output current driven by the CL-GD5465, and 
this determines the voltage swing. The CCTL signal also goes to the RSocket. If the RSocket 
is plugged in, an additional resistor is used to lower the parallel resistance value, increasing 
the current drive of the CL-GD5465. This allows the system to automatically configure for more 
current drive when an expansion module is inserted. This resistor, between CCTL and 
VTERM, should be located within approximately one-half inch of the CL-GD5465. Note that 
the CCTL pin is not routed to the Channel B. This requires the RModule upgrade to be done 
at the same time for both channels in a device that supports two Rambus Channels. Note that 
the CL-GD5465 is a single channel device. 


Rambus® Channel Clock 


Figure B1-4 on page B1-8 shows how the Rambus Channel clock is routed and how its name 
is changed. 


The clock is generated in the CL-GD5465 (the device boundary is shown as the dotted line at 
the left edge of the diagram) and comes out on the RACTEO pin. It is series-terminated in the 
nominal characteristic impedance at the source and pulled up to 3.3 V. It is routed in parallel 
with the Rambus channel (but not as part of the channel) to the end of the Rambus channel. 
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8.4 


At that point it is turned around and becomes RATCLK. It propagates to the CL-GD5465, turns 
around inside the CL-GD5465 device to become RARCLK, propagates back out to the termi- 
nators, and is terminated to VTERM. 


This scheme of driving the clock through the channel twice is fundamental to the Rambus and 
reduces the clock-to-data skew to an absolute minimum. When data bytes are transferred from 
the RDRAMs to the CL-GD5465, they are clocked with RATCLK. This clock is propagating the 
same direction as the data and travels the same distance. When data bytes are transferred 
from the CL-GD5465 to the RDRAMs, they are clocked with RARCLK. Again, the clock is prop- 
agating the same direction and for the same distance as the data. For this scheme to work at 
its best, the clock traces must be identical to the data and control traces. 


The clock is turned around at the CL-GD5465 (changes from RATCLK to RARCLK) by virtue 
of the two pads being connected together inside the device (they are separated by a single 
ground pin). The purpose of making this connection inside the CL-GD5465 is to equalize the 
package delays for the clock and data. Do not short these pins together externally. 


3.3V 





<|_ 1009 





















VTERM 
RARCLK (RXCLK) 


asi | 
Fan RATCLK (TXCLK) 


RARCLK 














RATCLK 












RACTEO 


0 
o 
D 











Figure B1-4. Rambus® Channel — Clock 


RDRAM Array 


Most of the signals travel in straight lines from the CL-GD5465, past the RSocket and 
RDRAMs, to the terminators. These high-speed signals must be routed on the component side 
of the board precisely as shown in the Gerber files. The SOUT/SIN chain is a low-speed signal 
and can be routed outside the channel or on the solder side of the board. 
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8.5 


8.6 


Expansion Socket 


The RSocket is used for field upgrades. Systems designed for upgrading are shipped with one 
or two RDRAMs. The module (RModule) is plugged into the RSocket to increase the frame 
buffer size. The use of the RSocket has a few constraints. 


The RSocket is located as close as possible (not more than 100 mils from pad to pad) to the 
CL-GD5465. This distance is selected to minimize reflections and ensure adequate noise 
immunity. RAVREF is decoupled with a 0.1-uF capacitor at the socket. This capacitor helps 
compensate for the fact that RAVREF has to transition to the solder side of the board under- 
neath the RSocket. Three capacitors (0.1 uF, 0.1 uF, and 33 uF) decouple the 3.3-V rail at the 
RSocket. 


Terminators 


Each Rambus channel data, control, and clock line is terminated with a 47-Q resistor to 
VTERM atits furthest point from the CL-GD5465. As discussed later, 47 Q is the nominal char- 
acteristic impedance of the transmission lines. 


The layout requirements for terminating data signals are very strict for two reasons: The 
VTERM bypass capacitors must carry current for multiple signals and also must be able to 
handle current to very low frequencies. 


The VTERM is decoupled with eight capacitors (one 47 uF, one 1 uF, and six each 0.1 LF). 
The layout of the terminators, the VTERM trace, and the bypass capacitors should be made 
exactly as shown in the Gerber plots. See also that VTERM is laid out as a very wide, low- 
impedance trace on the component side. The terminators and bypass capacitors are con- 
nected directly to the trace. The characteristic impedance of the traces must be controlled by 
controlling the trace width right up to the terminators. The traces should not be routed through 
vias or over breaks in the ground (or power) plane. 


Low-inductance connections to ground vias must be used. Some design rules require thermal 
relief patterns (thermal ‘wheels’) on the ground plane when using the wide connections as 
wide as are required. 


Because the data pattern on the Rambus channel is arbitrary, the current drawn from the 
VTERM has arbitrarily low and high frequencies. Therefore, the VTERM and regulation must 
be effective from DC to over 700 MHz. The regulator is combined with three types of bypass 
capacitors to span this range. 


The regulator regulates itself from DC to approximately 50 kHz. The 33-uF regulator output 
capacitor has a reactance well under 1 Q at these frequencies, much lower than the 12 termi- 
nators it bypasses. 
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8.7 VTERM and VREF Generation 
The VTERM and VREF generator logic is shown in Figure B1-5. 


VTERM 







cecal RTOP = 47 
= 33 LF 


RAVREF 





ADJ VOUT VIN 
RMIDDLE = 75 











100 nF 


RBOTTOM = 120 














GND 


Figure B1-5. VTERM and VREF Generator 


The equations for VTERM and RAVREF are as follows. 








RBottom 
VTERM = VREF(I + ca IADJ ¢ RBottom 
RTop + RMiddle ( } Equation B1-1. 
= 2.49V 
[RMiddle + RBottom] 

RMiddle + RBottom Equation B1-2. 
= VRE Md) (IADJ ¢ RBottom) 
= 2.004V 
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9.1 


RAMBUS® BOARD DESIGN NOTES 


Controlled Characteristic Impedance Traces 


Due to the very high-frequency signals on the Rambus channel, it is necessary to control the 
characteristic impedance of most of the traces. The traces for which the characteristic imped- 
ance must be controlled are the data, control, and clock lines. The characteristic impedance 
is controlled by controlling the trace width and geometries. 


Figure B1-6 shows an end view of a microstrip trace, defining the terms that are used in the 
following equations. W and T are the width and thickness of the trace, respectively. H is the 
dielectric thickness. 






PCB TRACE 


PCB MATERIAL 
(DIELECTRIC) 


AC GROUND 


Figure B1-6. Microstrip Trace (End View) 


Equation B1-3 used to calculate characteristic impedance of a microstrip line is taken from the 
Fairchild ECL data book. 


Zo = (| ° nf ee Equation B1-3. 


Jer+1.41 0.8ew+t 


Using 4.0 as the dielectric constant, this equation can be simplified to: 


5.98 @h ) 


——_——— Equation B1-4. 
O.8ews+t 2 


Zo = 37.4 ¢ In 


This equation is evaluated for a number of values of ‘h’ and ‘w’ with ‘t’ fixed at 0.0015 in 
Table B1-1. 
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9.2 


Table B1-1. Predicted Characteristic Impedance: ZO 























Width h = 0.006 
0.002 92 
0.004 76 
0.006 65 
0.008 57 
0.010 50 
0.012 70 67 44 
0.015 62 59 37 
0.020 53 50 27 

















The desired characteristic impedance is on the order of 95 when unloaded (47 Q takes into 
account the capacitance of the RDRAM pad), and the maximum trace width is 8 or 10 mils. 
This requires that the dielectric thickness (h) be carefully controlled. This is done by specifying 
the board stack as described in the following section. 


Board Stacking 


Non-traditional PCB stacking is needed to reduce the unloaded characteristic impedance to 
the required 95 Q for four-layer boards. If this issue is not addressed, the impedance of the 
traces will be incorrect and the Rambus channel will be noisy and may not work. In addition to 
controlling the stacking, the PCB vendor should be required to measure the trace impedance 
to demonstrate its accuracy. Controlling the impedance to within 20% of the nominal value dur- 
ing manufacturing yields acceptable results. 


Figure B1-7 shows the ‘traditional’ and ‘modified’ stacking for a four-layer PCB. The traditional 
stacking uses two pieces of 0.030 epoxy with a few mils of pre-preg between them. The mod- 
ified stacking uses two pieces of 0.011 or 0.012 epoxy with about 0.043 between them. This 
reduces the height (in the Equation B1-3 and Equation B1-4) to about 0.011, while retaining a 
total board thickness of 0.065. 


Cirrus Logic and Rambus have approached several PCB vendors regarding this PCB geome- 
try and have built a number of boards. There have been no technical or economic problems 
with it. 


Note that using this method for four-layer motherboards (that already have controlled imped- 
ance traces) requires a reduction in the width of the controlled impedance traces. 
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For six- or eight-layer boards, an adaptation of this method can be used to get the top and bot- 
tom layers of epoxy to about 8 mils. 
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TRADITIONAL FOUR-LAYER PCB MODIFIED FOUR-LAYER PCB 


Figure B1-7. Four-Layer PCB Fabrication (Not to Scale) 


9.3 PCB Design Rules 


The design rules specified in this section are only for the geometry and impedance of the 
traces that carry the Rambus channel data and controls. 


The geometric design rules specify minimum trace widths, trace spacing, via geometries, and 
other design properties of the board. These rules ensure high yields during manufacturing and 
assembly. The geometric rules proposed here allow the designer to specify a fine-pitch layout 
with the required vias and trace impedances. 


The impedance rules help to guarantee the trace inductance and electrical properties of the 
finished assembly. To implement RSL traces, the PC board manufacturer needs only to control 
the impedance for a few trace widths on the component side. These trace impedances can be 
controlled in the manufacturing process and measured on the finished boards. 
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Table B1-2. Printed Circuit Board Design Rules 
































ZO Unloaded characteristic impedance | 95+ 20% Q 95 + 20% Q 

eR Relative dielectric constant 4+ 20% Q 44 20% 2 

W1 Trace width 6+1 mil 0.15 + 0.025 mm 
S1 Trace spacing 6+1 mil 0.15 + 0.025 mm 
dy Drilled via diameter (MIN) 15 mil 0.4mm 

d, Via pad diameter (MIN) 31 mil 0.8 mm 
(dp-dy)/2 Pad annular clearance (MIN) 8 mil 0.2 mm 








These design rules are selected to be cost effective, yet provide controlled impedance and 

0.65-mm RDRAM pin pitch. If 5-mil traces with 5-mil spacing design rules are available, they 

provide better impedance control and tighter layouts. 

The main constraints that RSL adds are: 

e Microstrip construction, with signals on top and ground on layer 2 (next to the component layer) 

e 20% impedance control 

e Room for power and ground via pads between RSL signals. This constraint yields the following ine- 
quality: 


wl+sl+dp+s1<2°0.65mm Equation B1-5. 


The dielectric constant of FR-4 PCB material is commonly given as eR=4.3-4.7. Table B1-2 
suggests a value of four. Measurements show that the dielectric constant of epoxy-glass PCB 
materials decreases with frequency. At GHz frequencies appropriate for RSL transition times, 
four is a better value. When working with PCB vendors, specify both impedance and delay in 
terms of high-frequency test methods. 
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9.4 PCB Geometry 


9.4.1 Rambus® Channel Layout 


Due to the high-speed nature of the Rambus channel signals, it is important to follow specific 
guidelines when the board layout is done. The designer must first choose a dielectric thickness 
for the board before proceeding to place components. The selection of a dielectric thickness 
determines the placement of the RDRAMs on the board. If a change in the dielectric thickness 
is required, a new board layout is necessary. When designing a board with Rambus compo- 
nents, it is best to consult the “Channel Layout Helper” spreadsheet. This spreadsheet is avail- 
able at the Rambus web site. This spreadsheet and the “Channel Layout Helper Guide” 
provide helpful information. 


Figure B1-8 and Table B1-3 show the proper placement of components for various dielectric 
thicknesses. Since it may not be desirable for manufacturing reasons to place the first RDRAM 
under the RSocket, optional layout parameters are provided for each dielectric thickness to 
extend the trace length to the first RDRAM. Cirrus Logic is currently designing boards around 
the 11 mil and 12 mil dielectric parameters to produce very compact designs. 
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Figure B1-8. Line Length and Width for the CL-GD5465-Rambus® Channels 


RDRAM 
PAD 


RDRAM 


PAD RTERM 


PADS 





1 
Se 
- 


The extension trace (dimension B) is not required for a standard layout. It is therefore shown 
in Table B1-3 to have a length and width of zero when the standard placement locates the first 
RDRAM under the RSocket. 
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9.4.2 


These parameters must be strictly adhered to for proper impedance matching for a given 
dielectric thickness. However, alternative dielectric thickness parameters can be determined 
using the “Channel Layout Helper” spreadsheet. 


Table B1-3. Trace Dimensions 























Dielectric Thickness (mils) 12 11 6 
RDRAM under RSocket? Yes No Yes No Yes No 
length (mils) 200 200 200 200 200 200 
. width (mils) 26 26 26 26 20 20 
length (mils) 0 490 0 470 0 210 
8 width (mils) 0 23 0 21 0 11 
length (mils) 260 260 280 280 540 540 
7 width (mils) 6 6 6 6 6 6 
length (mils) 530 530 560 560 1090 1090 
ss width (mils) 6 6 6 6 6 6 
length (mils) 260 260 280 280 540 540 
- width (mils) 6 6 6 6 6 6 
length (mils) 300 300 > 300 > 300 20 20 
r width (mils) 23 23 21 21 11 11 



































All dimensions provided assume that the minimum spacing between traces is 6 mils and that 
all traces are free of vias. In addition, all traces should follow a straight line where possible and 
any necessary bends must be at 45 degrees. 


Dimension F is allowed an increase to support the placement of resistors for machine assem- 
bly; however, shorter traces are preferred and the lengths must not vary more than + 100 mils 
from signal to signal. 


Cirrus Logic’s experience with a variety of dielectric thicknesses has shown that thinner dielec- 
trics are better because the unloaded trace width (area ‘F’ in Figure B1-8) is thinner. This 
reduces crosstalk at the terminator resistor packs. 


Rambus® Channel Layout Options 


If there is no RSocket in the design, do not include sections A and B in the layout. If there is 
only one RDRAM, do not include section E in the layout and make the length of section D equal 
to that of section C. 
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9.5 








Coplanar Waveguide (Serpentine) Clock Trace 


To support the RSocket memory expansion modules (RModules), the transmit clock (TxCLk) 
trace length from the on-board RDRAMs back to the CL-GD5465 must match that of the 
expansion modules. If the design does not include an RModule, this section may be skipped 
since no serpentine trace is required. 
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Figure B1-9. Rambus® Clock Layout 


For proper RModule operation, the length of the TxCLK trace from point C to point D in 
Figure B1-9 must be the same as that from point A to point B plus the length of the trace on 
the module. This length should be calculated with the Rambus Clock Length Calculator 
spreadsheet. This tool requires dielectric thickness, minimum trace width, number of RDRAMs 
on the base board, and the trace length from A to B plus any extension trace lengths that may 
have been used to prevent the RDRAM from being located under the RSocket. The output is 
the length of the trace required on the base board from point C to point D (the last RDRAM on 
the channel). In general, the length of the trace required will be significantly longer than is con- 
venient. 


Typically, the easiest place to route the extra clock segment is on the solder side of the board. 
If this is done, the ground reference for the clock line is the power plane rather than the ground 
plane. The solution is to route the clock as a coplanar waveguide that surrounds the high- 
speed clock signal by ground with a small air gap as shown in Figure B1-10. This figure shows 
the coplanar waveguide as it is implemented on the Cirrus Logic PCI evaluation board. 


The ground surrounding the clock trace should be connected to the ground plane using vias 
placed every 500 mils (approximately). The general rule is to begin by placing a via next to 
every other bend in the serpentine trace and next to any point where the clock transitions from 
component side to solder side. After these vias are placed, the designer should add additional 
vias to the surrounding ground so that there is no more than one-half inch separating the vias 
that are not directly next to the bends in the clock trace. Refer to Gerber files for details. 


A coplanar waveguide can be approximated by building a serpentine trace with ground fingers 
routed in between each loop. This is used on the Cirrus Logic AGP demonstration board. 
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Figure B1-10. Coplanar Waveguide 


The dimensions required for the clock trace are determined by the thickness of the dielectric 
and requires a new layout if the dielectric thickness changes. The following table shows values 
that should be used for some suggested dielectric thicknesses. Alternative dielectric thickness 
parameters can be found in the ‘Rambus Layout Guide’. 

















Dielectric thickness (mils) 12 11 6 
Air gap 8 6 8 
Ground fingers 8 8 6 
TxCLK 16 14 10 














It is important to maintain a continuous air gap around the trace during all bends, and to con- 
nect the ground surrounding TxCLK to the ground plane by vias every 100 mils. 
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9.5.1 


9.6 


9.6.1 


9.6.2 


Component Side Clock Routing 


If there is sufficient room to route the clock on the component side of the board or if there is a 
need to transition to the component side, the RDRAM clock traces should be routed using the 
trace thicknesses (shown in the following table) while on the component side. This parameter 
is referred to as the unloaded trace width and is equal to the trace width of segment F in 
Figure B1-8. 

















Designing for 300-MHz Rambus® Operation 


Cirrus Logic reference designs for the Laguna family of VisualMedia accelerators have evolved 
over time to accommodate various manufacturing constraints. The original CL-GD5462 and 
CL-GD5464 designs operated at 250 MHz over production variances and could be operated 
in the laboratory at up 300 MHz. 


The original design allowed for the placement of passive components on the solder side of the 
board. This was ideal from an electrical point of view, but many of our customers were not will- 
ing to manufacture with components on both sides of the board. Cirrus Logic responded with 
a reference design that placed all components on the component side and that was very 
robust for the CL-GD5462/GD5464 products. This board has proven to be reliable up to about 
285 MHz. 


With the introduction of the CL-GD5465 and RDRAMs capable of 300 MHz, Cirrus Logic found 
it necessary to make additional improvements to the layout to guarantee reliable operation at 
300 MHz. These improvements are made under the constraints that all components are to be 
placed on the component side (a single-sided design) and that the design supports a field- 
upgradable memory expansion RSocket. 


Why Designs Fail at 300 MHz 


The primary reason for a failure on the Rambus channel is noise on VTERM or VREF. Noise 
on these nodes can be effectively filtered out with simple bypass capacitors located close to 
the VTERM termination points of the data signals and close to the VREF pins of the RDRAMs 
and the CL-GD5465. 


In a design with all components on the component side, Cirrus Logic has previously recom- 
mended two bypass capacitors on VREF. One is located near the Laguna device and one is 
located near the RDRAM furthest from the Laguna. Each capacitor is connected to the appro- 
priate pin with a 50-mil trace. This arrangement does not serve in a design that supports 
RModules at 300 MHz. 


VREF Bypass Changes 


The bypass capacitance for VREF must be increased so there is one 0.1-uF capacitor for each 
RDRAM on the channel, plus two 0.1-uF capacitors for the Laguna device. This requirement 
must be met for each Rambus channel being implemented. The additional capacitance for the 
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Laguna device is required because the inductance in the Laguna package is significantly 
higher than that of the RDRAM. 


Since the two VREF bypass capacitors for the Laguna device for a single-sided design is 
located approximately one-half inch away from the pin being bypassed, it is important to 
reduce the combined inductance of the trace and vias as much as possible. Cirrus Logic rec- 
ommends running a 100-mil trace from the VREF pin to the bypass capacitors at the 
CL-GD5465, and using two parallel vias to connect the trace to the pin, and two more parallel 
vias to connect the capacitor to the trace. All of these via connections should be made with 
special attention to keeping the traces to the via as short and thick as possible. In Figure B1- 
11, the traces are not shown as wide as they would be on a real board to emphasize the dis- 
tinction between the pad and the traces. Cirrus Logic recommends two vias to each ground 
pad connection, as well. 












IDEAL CONNECTION 
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! ! VIA PAD VIA 
PIN 21 10 MILS ml L 
o-BE-@ : —_— 
ACCEPTABLE CONNECTION 
RDRAM 
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PIN 21 : im Z_ 10 MILS 


Figure B1-11. Via Connections to VREF Pin on RDRAM 
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IDEAL CONNECTION 
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Figure B1-12. Via Connection for 100-mil Trace to Bypass Capacitors on VREF 


For the 0.1-uF capacitors that bypass the VREF signal at each RDRAM, placement is critical 
to achieve effective results. Cirrus Logic has found that RDRAMs from various vendors have 
different characteristics on VREF. To guarantee reliable operation of devices from all vendors, 
this capacitor must be near the device pin it bypasses. 


The routing of VREF around the board should be implemented as a 6-mil trace except where 
the trace extends to a bypass capacitor. This thin trace will be very inductive and will help iso- 
late the VREF noise at the RDRAM from that at the Laguna device. The trace and the bypass 
capacitors make an LC filter. 
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VREF TRACE TO BYPASS CAPACITORS AT LAGUNA 
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C1AND C2 ARE THE BYPASS CAPACITORS FOR THE RDRAM PIN. 
C3 AND C4 ARE THE TWO BYPASS CAPACITORS FOR THE CL-GD5465. 


Figure B1-13. VREF Routing and Bypass Capacitors 


These recommendations are easy to follow, but may require the designer to make some trade- 
offs in the layout to accommodate the changes. Good bypass filtering is very important in a 
design that is intended to run the memory expansion socket (RSocket) at 300 MHz. The 
bypass capacitors for VREF must be placed as close to the VREF pins as possible and double 
vias must be used when making the connections. 


Note that for some designs, it may be possible to further improve the bypassing on VREF by 
placing the bypass capacitors on the top side of the board between the Rambus channel data 
signals using 0603 package components. This is most likely to be the case for motherboard 
designs which use a 6-mil dielectric or in cases where no RSocket is included in the design. 
In these designs, this approach should be taken to improve VREF bypassing further. This is 
shown in Figure B1-14 and Figure B1-15. 
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C1 AND C2 ARE THE BYPASS CAPACITORS FOR THE RDRAM PINS. 
C3 AND C4 ARE THE TWO BYPASS CAPACITORS FOR THE CL-GD5465. 


Figure B1-14. VREF Bypass between Data Signals (with RSocket) 


In order to simplify manufacturing it may be necessary to use extension traces in the layout to 
move the capacitors from underneath the RSocket. The board designer must consult the “Lay- 
out Helper” spreadsheet that is available at the Rambus web site (www.rambus.com). 


























CL-GD5465 









































VREF SIGNAL ROUTED 
AS A 6-MIL TRACE 


C1 AND C2 ARE THE BYPASS CAPACITORS FOR THE RDRAM PINS. 
C3 AND C4 ARE THE TWO BYPASS CAPACITORS FOR THE CL-GD5465. 


Figure B1-15. VREF Bypass between Data Signals (without RSocket) 
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9.6.3 


9.6.4 


Why Double Vias are Recommend 


As bypass capacitors are moved away from the pin they are expected to filter, the trace induc- 
tance increases and results in less effective bypassing at the pin itself. This is made worse by 
routing bypass traces on the back side of the board, because vias are required to bypass cur- 
rents across the entire board thickness (typically greater than 60 mils) at both the pin and the 
bypass capacitor. This substantially increases series inductance, thereby decreasing bypass 
effectiveness. By using double vias, via inductance is reduced by nearly half. Likewise, if the 
board designer is not careful in routing and allows the bypass traces to get too long, the result 
is significant inductance between the pins and the capacitor. 


This inductance can be ignored in traditional low-speed circuit board layouts (as a number of 
electrical issues). However, as Rambus memories improve and clock speeds increase past 
300 MHz, this cumulative inductance has the potential to cause problems with the use of the 
RModule. If the changes recommended here are made, one can feel confident the design con- 
tinues to work with the RModule at 333 MHz in the future. 


Two methods of placing the vias are shown in Figure B1-10 and Figure B1-11.When using two 
vias, the best results are achieved if they are located 180 degrees apart to reduce field effect 
cancellations. Space restrictions on the board may require that some trade-offs be made. If 
this is the case, the designer should make the angle between the vias as great as possible; 90 
degrees or less is acceptable if there is no room to spread out the vias. Note that the majority 
of the traces on the board are less critical that those of the Rambus channel and moving other 
traces or components can make it possible to implement these few double vias. 


VTERM Bypass Changes 


The bypass capacitance on VTERM should be located primarily at the termination section of 
the channel. Previously, Cirrus Logic recommended one 100-uF capacitor located close to the 
VTERM regulator plus five 0.1-uwF capacitors and one 1.0-uF tantalum capacitor along the ter- 
mination island. The following changes are recommended to improve this design to guarantee 
300-MHz operation with the expansion memory module. 


The distribution of the bulk capacitance is going to be changed so that trace inductance does 
not interfere with the effectiveness of the bulk capacitance. The new recommendation is to 
place a 33-uF capacitor at the regulator, plus a 47-uF capacitor at each termination island. If 
the regulator is close enough to either island so that its bulk capacitance stabilizes the regu- 
lator, then the 33-uF capacitor at the regulator can be deleted. 


This change increases the low-frequency bypass at the termination point of each data signal. 
In addition, Cirrus Logic recommends that the 1.0-uF tantalum capacitor be changed to a 
ceramic-chip capacitor in a 1206 or smaller package. This type of capacitor has better high- 
frequency characteristics due to its lower inductance. 


Six 0.1-uF capacitors (rather than five) should be placed along the termination island. These 
capacitors should be placed so that there are two capacitors for each resistor pack, one on 
either side. This arrangement results is two capacitors between each resistor pack. Double 
vias on these capacitors produce the best results. 
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Figure B1-16. VTERM Bypass Capacitor Placement and Routing 
at the Terminator Island 
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If soace permits, it is better to locate these capacitors on the opposite side of the island so that 
each pair of capacitors is centered on an adjacent resistor pack. This reduces current paths 


between the capacitor and resistor pack pins. 
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Figure B1-17. VTERM Bypass Capacitor Placement and Routing 


at Termination Island 
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9.6.5 VTERM Routing Changes 


The width of the VTERM island should be 100 mils. This width should be calculated without 
including the pads of the resistors or capacitors that are attached to the island. It is important 
to keep a wide island for VTERM to reduce the inductance between the resistor packs and the 
0.1-uF bypass capacitors along the terminator. This island is typically sourced by a thin (high 
inductance) trace from the regulator. 


Cirrus Logic has previously recommended that this thin trace be about 10-mils wide. In addi- 
tion, Cirrus Logic now recommends that two traces connecting the VTERM of the termination 
island to the VTERM at the RSocket be used. One should be routed at the top and another at 
the bottom of the channel so that there is a complete loop around each Rambus channel. 
These traces are the two heavy lines in Figure B1-18. This is done to reduce the voltage drop 
between the two VTERM locations on the board. 
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C[1:8] ARE 0.1-u.F CERAMIC CHIP CAPACITORS (0805 PACKAGE OR SMALLER) 
C9 IS A 47-uF TANTALUM OR ELECTROLYTIC CAPACITOR 

C10 IS A 1.0-uF CERAMIC CHIP CAPACITOR (1206 PACKAGE OR SMALLER) 
C11 IS A 33-uF TANTALUM OR ELECTROLYTIC CAPACITOR 


Figure B1-18. VTERM Routing and Bypass Capacitance 
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PCI BUS REFERENCE DESIGN 


1. INTRODUCTION 


This appendix covers the schematics of the CL-GD5465 reference adapter board design for 
the PCI bus. This board can be populated with 2, 4, 6, or 8 Mbytes of RDRAM display memory. 
This board supports the VMI host port. 


The schematics are captured using OrCAD® SDT. These schematics and the associated Ger- 
ber files are available on request to Cirrus Logic customers. 


2. PCI BUS INTERFACE 


2.1 Pin-to-Pin Bus Connections 


The CL-GD5465 is designed for a glueless interface to the PCI bus. The pins on the 
CL-GD5465 are directly connected to similarly named pins on the PCI bus, as summarized in 
Table B2-1. 


Table B2-1. Direct PC! Bus Connections 








Pin Names Function 
AD[81:0] Address/data bus 
PAR Parity 

STOP# Control 





C/BE[3:0]# Control 




















FRAME# Control 
IRDY# Control 
TRDY# Control 
IDSEL Control 
CLK Clock 

RST# Control 





DEVSEL# Control 








REQ#/GNT# | Bus exchange 














The CL-GD5465 is placed within an inch of the PCI connector and is approximately centered 
on the connector. The pin assignments on the CL-GD5465 are carefully optimized to allow 
short and direct connections between the bus pins and the CL-GD5465 pins. 
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2.2 


2.3 


2.4 


2.5 


2.6 


A few pins are specially treated (not just tied together between the device and the bus), as enu- 
merated below. 
































Pin Name Function Note 
INTA# Interrupt request Section 2.2 
TDI/TDO System control Section 2.3 
M66EN Bus control Section 2.4 
PRSNT1# Bus control Section 2.5 
RST# Control Section 2.6 

INTA# 


The INTA# pin is connected from the CL-GD5465 with a jumper to either pin A6 on the bus or 
to a pull-down resistor. Whether an interrupt is claimed is a configuration option. 


If the jumper is installed to connect INTA# to the bus, PCI3C is a read/write register and inter- 
rupt 2 can be claimed by writing the value ‘02h’. 


If the jumper in installed to connect INTA# to the pull-down resistor, then PCI3C is a read-only 
register that always returns the value ‘OOh’. In this case, no interrupt can be claimed by the 
CL-GD5465. 


TDI/TDO 


Pins A4 and Bé4 are tied together on the board. JTAG/Boundary Scan is not implemented in 
the reference design. The CL-GD5465 device does support Pin Scan. 


M66EN 


M66EN on the device is connected to M66EN on the board. In addition, a jumper is provided 
to ground M66EN on the board. Installing this jumper forces 33-MHz operation regardless of 
the motherboard configuration. 


PRST1# 
PRSNT1# (bus pin BQ) is returned to ground by a 6.8-kQ resistor. 


RST# 


An item in the Revision AA/AB errata states that the CL-GD5465 is very sensitive to the quality 
of the RST# signal. This erratum is expected to be fixed in production silicon. The reset circuit 
shown on sheet 5 of the schematic can be populated for boards based on Revision AA/AB sil- 
icon. For production silicon, R11 and R10 can be populated with zero-ohm resistors. 
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2.7 


4.1 


4.2 


103.3 Power 


The 3.3-V power from the bus is not used since not all motherboards supply it. These bus pins 
are tied together and terminated in a capacitor returned to ground. This node is not tied to the 
3.3-V generated on the board. 


VGA BIOS 


The CL-GD5465 is designed to comply with the PCI requirement that a single load appear on 
each signal. This requirement precludes connecting the BIOS EPROM directly to the bus. 
Instead, the EPROM is connected only to the CL-GD5465. The EPROM address inputs are 
driven with pins on the CL-GD5465 (RA[15:0]). The EPROM data pins are connected to 
RD[7:0]. The EPROM enables are both driven with the CL-GD5465 ROMCS#. 


If a27C256 EPROM is used, pin 1 should be pulled up to 5 V with a 10-kQ resistor. If a27C512 
is used, pin 1 should be connected to RA15 with a zero-ohm resistor. 


DISPLAY MEMORY INTERFACE 


Memory Configurations 


The display memory is made up of one or two RDRAMs soldered to the board, plus another 
mounted in a socket. Only Rambus Channel A can be used with the CL-GD5465. Table B2-2 
indicates the memory configurations available with this design. 


Table B2-2. Display Memory Configurations 




















Capacity Devices 
2 Mbytes U6, R60 
4 Mbytes U6, U5 
U6, U5, J5 (one RDRAM on RModule) or 
eMnyIES U6, J5 (two RDRAMs on RModule) 
8 Mbytes U6, U5, J5 








Rambus® Channel Design 


The layout of the Rambus channel is described in Appendix B1, “Layout Guidelines” 

on page B1-15. The terminators for Channel A, and the VTERM and VREF generators are 
shown in the schematic diagrams included in this appendix. The equations relating to the 
VTERM and VREF generators are also discussed in Appendix B1. The power conditioning for 
the RAC is shown in the schematic diagrams included in this appendix. 


Rambus access Channel B is also shown in the schematic diagrams. This channel is not used 
for the CL-GD5465. 
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4.3 


4.4 


4.4.1 


SOUT Considerations for Rev AA/AB Silicon 


An item on the Revision AA/AB errata states that the sense of the RAC bypass configuration 
is inverted. This bug is expected to be fixed on the production revision of the device. This erra- 
tum has implications that are reflected in the board design. 


Because of the bug in Rev AA/AB silicon, it is necessary to install a configuration resistor 
(6.8-kQ to ground) on SOUT to select normal operation. This is R75 on sheet 6 of the sche- 
matic diagram. In addition, it is necessary to break the connection between SOUT on the 
device and SOUT in the Rambus channels. This is done by not installing the zero-ohm resis- 
tors R71 and R73. Finally, SOUT on the Rambus channels must be pulled up. This is done by 
installing zero-ohm resistors R70 and R72. 


The following notes summarize this: 
e Touse the reference design with Revision AA/AB silicon, populate R75, R70, and R72. 
e Touse the reference design with production silicon, populate R71 and R73. 


e To design a board for use with production silicon only, connect SOUT on the device to SOUT on the 
Rambus channels and do not design in R70, R71, R72, R73, or R75. 


RDRAM Clock Generation Options 


The reference design allows the clocks into the Rambus channels to be provided either from 
the on-chip synthesizer or from an external clock generator chip. Table B2-3 shows which 
components should be populated according to which clock generator is chosen. 


Table B2-3. RDRAM Clock Generator Options 























Clock Generator Option On-chip Clock External Clock 
Channel A RDRAM series R47 R62, R55 
Channel A RDRAM pull-up R50 (VTERM) R65 (3.3 V) 
Channel A RModule series R48 R64, R56 
Channel A RModule pull-up R49 (VTERM) R63 (3.3 V) 
Channel B RDRAM series R19 n/a 
Channel B RDRAM pull-up R20 (VTERM) n/a 
Channel B RModule series R16 n/a 
Channel B RModule pull-up R15 (VTERM) n/a 




















RDRAM Clock Provided by CL-GD5465 


The CL-GD5465 has a programmable clock synthesizer that is intended specifically for gen- 
erating the clock to be used by the RDRAMSs. This synthesizer is characterized for operation 
up to 300 MHz. 


Series resistors R47 and R19 adjust the amplitude of the clock seen by the RDRAMs on the 
board; series resistors R48 and R16 adjust the amplitude of the clock seen by the expansion 
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4.4.2 


5.1 


RModules. Pull-up resistors R50, R49, R20, and R15 to VTERM can be adjusted to correct the 
rise and fall times of the clocks to achieve the required duty cycle of the clocks. 


Our testing indicates that some voltage greater than 2.5 V is needed for the clock pull-up resis- 
tor. Boards designed using the same power conditions as the Laguna reference designs have 
5V, 3,3 V, 2.5 V, and 2.0 V available. 


For boards designed with components on the solder side, it is recommended to allow for both 
3.3 V and VTERM pull-up resistors with added bypass capacitors across the pull-up resistors. 
If possible, there should be a separate power cut for the 3.3-V pull-up resistors. When the 
design is being evaluated, choose the pull-up resistors that provide the best clocks and adjust 
the bill of materials accordingly. 


For many designs, putting components on the solder side is not an option because of 
increased assembly costs. For designs with components only on the component side, it is rec- 
ommended to allow for only pull-up resistors to 3.3 V, as shown in this reference design. 


RDRAM Clock Provided by External Clock Generator Chip 


Series resistors R62 and R64 adjust the amplitude of the clock supplied by the external 
source. R56 and R55 are only needed to allow the external source to be removed from the 
circuit (that is, to use the CL-GD5465 clock source) without leaving a stub on the trace. R62 
and R64 are located near the clock generator chip. R55 and R56 are located near the resistors 
that connect the CL-GD5465 clock to the RDRAMs (R48 and R47). 


R63 and R65 are used to adjust the clock duty cycle. This design does not provide for pull-up 
resistors to VTERM for the external clock generator. 


The recommended clock generator chips, each provides two outputs. It is recommended that 
one output is used to drive the RDRAMs that are on the base board and the other output to 
drive RModule. This reduces the load that each clock driver must support in single channel 
designs. 


Several sources are available for external clock generator chips. The “Rambus® Layout Guide” 
provided by Rambus documents several sources. 


MONITOR INTERFACE 


RGB Lines 


The RGB lines are terminated in 75 a to DACVSS. This provides half of the nominal 37.5-9 
DC load; the other half is in the monitor. 


The 7 filters on each RGB line control edge rates and reduce RFI (radio frequency interfer- 
ence) to an acceptable level. The component values in these filters represent a trade-off. For 
good crisp video, especially at higher frequencies, the cutoff frequency should be as high as 
possible. On the other hand, for reduced emissions the cutoff frequency should be fairly low. 


The resistors (R25, R23, and R21) are located as close as possible to the CL-GD5465. The 
filters are located very close to the DB-15 connector. The traces between the CL-GD5465 and 
the filters are direct with no vias and no sharp corners. These traces must be designed with a 
characteristic impedance as close as possible to 75 2. The edge rates, especially before the 
filters, are fast enough that a trace as short as a few inches begins to behave as a transmission 
line. 
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5.2 Sync Lines 


The HSYNC and VSYNC signals are isolated with the 7t LC filters of ferrite bead (17 2 at 100 
MHz) and 220-pF capacitor. The filter outputs connect directly to the DB15 pin and the VESA 
connectors. 


5.3 Monitor ID 


The BIOS requires information regarding the capability of the connected monitor so that it can 
program the appropriate refresh rates for the various video modes. In some cases, due to 
monitor capability, the higher resolution modes cannot be programmed at all. 


The DDC2B is a bidirectional data channel based on the I2C bus. The data clock is on MID3 
(DB15 pin 15) and the bidirectional data is on MID1 (DB15 pin 12). DDC2B is an open-collec- 
tor protocol. The logic in the controller must pull-up each of the two signals (MID1 and MID3) 
and drive each signal low. In addition, the software must be able to sense each line (MID1 and 
MID3). These signals are named SDA and SCL, respectively, in the schematic diagrams. 


Table B2-4. Monitor I2C Connections 





























Function Clock Data 
Signal name SCL SDA 
Pull-up resistor RQ R12 
Series resistor R5 R4 
DB15 pin 15 12 
5.4 Video Connector Pin 9 


Pin 9 of the video connector can be tied to the 5-V rail through either a fuse or 1-kQ resistor. 
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6. VESA® CONNECTOR 


The VESA connector pins are tied to the corresponding pins on the CL-GD5465 either directly 
or through an appropriate resistor. Table B2-5 shows the pins on the VESA connector. 


Table B2-5. VESA® Connector Pins 









































Pin Function Note Pin Function Note 
Z1 GND Y1 PO 

Z2 GND Y2 P1 

Z3 GND Y3 P2 

Z4 EVIDEO# 0Q Y4 P3 

Z5 ESYNC# 0Q Y5 P4 

Z6 EDCLK# a Y6 P5 

Z/ SCL2 b Y7 P6 

Z8 GND Y8 P7 

29 GND Y9 DCLK 

Z10 GND Y10 BLANK# 

211 GND Y11 HYSNC Filtered 
Z12 N/C Y12 VSYNC Filtered 
Z13 SDA2 . Y13 GND 


























a EDCLK# has a 1-kQ series resistor with a 6.8-kQ pull-up resistor to 3.3 V. 


b Z7 is ano connect in the VESA specification. Cirrus Logic uses this pin as the clock pin of 
a second [2C interface. 


¢ Z13 is ano connect in the VESA specification. Cirrus Logic uses this pin as the data pin 
of a second [2C interface. 
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7. VMI Host Port 


The VMI host port connection pins are tied to the corresponding device pins. This is summa- 
rized in Table B2-6. 


Table B2-6. VMI Host Post 







Function Function 








+12 V Power RDO Data bit 0 









































Z2 RD1 Data bit 1 Y2 Ground 7 

23 Ground = Y3 RD2 Data bit 2 

Z4 RD3 Data bit 3 Y4 RD4 Data bit 4 

25 +5 V Power Y5 RD5 Data bit 5 

Z6 RD6 Data bit 6 Y6 RD7 Data bit 7 

Z7 OSC 14.3 MHz Y7 RAO Address 0 

Z8 RA1 Address 1 Y8 RA2 Address 2 

Z9 RA3 Address 3 Y9 +5V Power 

Z10 Ground - Y10 RESET# Conditioned RST#4 
211 PCS# Chip select Y11 Ground - 

Z12 RA6 RD# Y12 RA5 WR# 

Z13 +3.3 V Power Y13 RA4 READY# 

Z14 No connect - Y14 INTA# Interrupt request 





Z15 No connect - Y15 No connect - 





Z16 +5V Power Y16 +3.3 V Power 





Z17 AVIDGND Analog video return Y17 AVIDY Analog video in 





Z18 No connect - Y18 No connect _ 





Z19 RA3 (Configuration) Y19 AUDIOL (left) 

















220 AUDGND = Y20 AUDIOR (right) 














a Jumper option allows connection directly to PCI RST#. 


7.1 Second I2C Interface 


The second I@C interface allows the host to communicate with devices using the standard TV 
tuner interface. Z7 and Z13 on the VESA connector are used. 
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8.1 


8.2 


8.3 


8.4 


8.5 


POWER DISTRIBUTION AND CONDITIONING 


Introduction 


The most common reason for unsatisfactory performance of a video subsystem is a failure on 
the part of the board designer to properly manage power distribution and conditioning. Dedi- 
cated power and ground planes are very strongly recommended for boards based on the 
CL-GD5465 device. 


Dedicated Ground Plane 


A dedicated ground plane minimizes differential ground offsets and more nearly approximates 
the ideal notion of ‘ground’. Additionally, a ground plane is necessary to predict and control the 
characteristic impedance of those traces that must be treated as transmission lines. 


The ground plane on the CL-GD5465 has no isolation cuts, it is a single solid sheet of copper. 


Dedicated Power Plane 


A dedicated power plane allows low-impedance distribution of Vcc, minimizing noise and cou- 
pling. A dedicated power plane also behaves as an AC ground, making it possible to predict 
and control the characteristic impedance of traces above it (the Rambus channel traces are 
all referenced to ground). 


The CL-GD5465 and the RDRAMs are 3.3-V devices. The EPROM and reference oscillator 
are 5-V devices. This leads naturally to a divided power plane as shown in Figure B2-1. The 
area around the periphery of the board is 5 V, and provides power to the oscillator and the 
EPROM. The area in the middle of the board provides power to the CL-GD5465 and the 
RDRAMs. All the logic in the CL-GD5465, including the I/O buffers, is powered with 3.3 V gen- 
erated on the board. 


3.3-V Supply 


The 3.3 V is derived from 5 V with a standard three-terminal regulator as shown in the sche- 
matic diagrams. R66 ties the GND pin to ground. If a variable regulator is used, R67 and R66 
set the output voltage (3.3 V). 


Power Conditioning 


Three areas on the power plane are further isolated within the 3.3-V section. These are desig- 
nated DACVDD, MCLKVDD, and DCLKVDD. Each is connected to the 3.3-V section through 
an LC filter consisting of a Ferrite bead and a 10-uF capacitor in parallel with a 0.1-uF capac- 
itor. Each capacitor in each filter is returned to the ground plane. 
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8.6 


REGULATORS 









5-V AREA 


iF | 


DCLKVDD 
DACVDD 











MCLKVDD 






















3.3-V AREA 














— — 

















Figure B2-1. Power Plane 


Power Bypassing 


Bypass capacitors are used to minimize power sags caused by current spikes and reduce the 
power distribution impedance. Bulk bypassing Is present in the area where power comes onto 
the board and around the 3.3-V regulator. 


High-frequency bypass capacitors are distributed as needed on the board. Every digital Voc 
pin on the CL-GD5465 has a bypass capacitor located as close to the pin as possible. Each 
pin is connected to its capacitor — and the power plane — with a short, thick, direct lead. The 
ground connection of each capacitor is made with a via directly to the ground plane. The Ram- 
bus channels are heavily bypassed. This is described in Appendix B1. 


CONFIGURATION RESISTORS: REVISION AA/AB SILICON 


The configuration resistors shown in Table B2-8 are on sheet 6 of the schematic. 


Table B2-7. Configuration Resistors: Rev AA/AB Silicon 

















Pin Installed Not Installed 
RA15 32K BIOS 64K BIOS 
RA7 AGP pad characteristic PCI pad characteristics 
RA5 Must install (PCI Bus) (n/a) 
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Table B2-7. Configuration Resistors: Rev AA/AB Silicon (cont.) 



































Pin Installed Not Installed 
RA4 66-MHz PCI 33-MHz PCI 
RA3 VMI Enabled (pull-down on VMI Port 219) VMI not enabled 
RA2 VMI Mode B VMI Mode A 
RA1 Feature connector data on EV[7:0] Feature connector data on RA[14:7] 
RAO Ber ine ta Enable feature connector 
RD7 Disable VGA operation Enable VGA operation 
RD6 RCLK pin drives SYSCLK directly RCLK pin operates normally 
RD4 V-Port data on TV[7:0] V-Port data on RA[14:7] 
RD3 TV-Out attached TV-Out not attached 
RD2 TV-Out is PAL TV-Out is NTSC 
RD1 V-Port device attached V-Port device not attached 








10. © CONFIGURATION RESISTORS: REVISION AC AND LATER SILICON 


The configuration resistors shown in Table B2-8 are on sheet 6 of the schematic. 


Table B2-8. Configuration Resistors: Revision AC Silicon 


Pin 


RA15 


Installed 


32K BIOS 


Not Installed 


64K BIOS 





RA7 


AGP pad characteristic 


PCI pad characteristics 





RAS 
RA4 


Must install (PCI bus) 
66-MHz PCI 


(n/a) 
33-MHz PCI 





RA3 


VMI enabled (pull-down on VMI Port 219) 


VMI not enabled 





RA2 


VMI Mode B 


VMI Mode A 





RA1 


Feature connector data on EV[7:0] 


Feature connector data on RA[14:7] 





RAO 


Disable feature connector: 
force VMI operation 


Enable feature connector 





RD7 


Disable VGA operation 


Enable VGA operation 





RD6 


RCLK pin drives SYSCLK directly 


RCLK pin operates normally 





RD4 
RD3 








V-Port data on TV[7:0] 
TV-Out attached 





V-Port data on RA[14:7] 
TV-Out not attached 
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Table B2-8. Configuration Resistors: Revision AC Silicon (cont.) 





Pin Installed Not Installed 
RD2 TV-Out is PAL TV-Out is NTSC 
RD1 V-Port device attached V-Port device not attached 




















11. MISCELLANEOUS 


11.1 Synthesizer Reference 


The 14.3-MHz reference required by the dual-frequency synthesizer can be supplied with the 
on-chip oscillator. In this case, the reference cannot be driven to the VMI host interface. If the 
14.3 MHz is required at the VMI host interface, it must be supplied with an external oscillator. 
In this case, it is driven directly into XTALO. XTAL1 must be a no-connect in this case. 


11.2 Current Reference 


The CL-GD5465 has an integrated current reference that requires only a resistor to set the full- 
scale current level and a capacitor on IREF. The resistor value can be calculated with 
Equation B2-1 where Load is the DC load in ohms, and VFullScale is the desired full-scale 
voltage. This logic is shown in the schematic diagrams. 


_ 2.52V ¢ Load 


R = E ion B2-1 
mee VFullScale ae 
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AGP BUS REFERENCE DESIGN 


1. INTRODUCTION 


This appendix covers the schematics of the CL-GD5465 reference adapter board design for 
the AGP bus. This board can be populated with 2, 4, 6, or 8 Mbytes of RDRAM display mem- 
ory. This board supports the VMI host port. 


The schematics are captured using OrCAD® SDT. These schematics and the associated Ger- 
ber files are available on request to Cirrus Logic customers. 


2. AGP BUS INTERFACE 


2.1 Pin-to-Pin Bus Connections 


The CL-GD5465 is designed for a glueless interface to the AGP bus. The pins on the 
CL-GD5465 are directly connected to similarly named pins on the AGP bus. This is summa- 
rized in Table B3-1. 


Table B3-1. Direct AGP Bus Connections 








Pin Names Function 
AD[81:0] Address/data bus 
PAR Parity 

STOP# Control 





C/BE[3:0]# Control 














FRAME# Control 
IRDY# Control 
TRDY# Control 
CLK Clock 





DEVSEL# Control 





INTRA# Interrupt request 





REQ#/GNT# | Bus exchange 




















ST[2:0]# Control 
ADSTBO Control 
RBF# Control 
SBA|7:0] Sideband address bus 











May 1997 B3-2 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual APPENDIX B3 — AGP BUS REFERENCE DESIGN 


2.2 


2.3 


2.4 


2.5 


The CL-GD5465 is placed within an inch of the AGP connector and is approximately centered 
on the connector. The pin assignments on the CL-GD5465 are carefully optimized to allow 
short and direct connections between the bus pins and the CL-GD5465 pins. 


A few pins are specially treated (not just tied together between the device and the bus), as enu- 
merated below: 









Pin Name Function 





RST# Control Section 2.2 























PIPE#/SBSTB Control Section 2.3 
ADSTB1 Control Section 2.4 
RST# 


An item in the Revision AA/AB errata states that the CL-GD5465 is very sensitive to the quality 
of the RST# signal. This erratum is expected to be fixed in production silicon. The reset circuit 
shown on sheet 5 of the schematic can be populated for boards based on Revision AA/AB sil- 
icon. For production silicon, R11 and R10 can be populated with zero-ohm resistors. 


PIPE#/SBSTB 


Pin 53 on the CL-GD5465 can be connected to either PIPE# or SBSTB on the AGP connector, 
depending on the configuration. This is done by populating one, but not both, of the zero-ohm 
resistors. 


ADSTB1 


Changes have been made between silicon Revisions AA/AB and AC in the definition of pin 22. 
Boards designed to handle all revisions of the silicon requires some special treatment. 


In addition, IDSEL must be delayed one AGP clock cycle in 66-MHz AGP systems for revision 
AA/AB silicon. 


ADSTB1/IDSEL must be able to be connected to either AD16 or ADSTB1 of the AGP bus. If 
a Revision AA/AB device is installed in a 66-MHz system, IDSEL must be delayed by one 
clock. This is shown on sheet 2 of the schematic diagram. 


For Revision AA/AB silicon, populate U8 and C79. For Revision AC or newer silicon, only pop- 
ulate R64. 


103.3 Power 


The 3.3-V power from the bus is not used since not all motherboards supply it. These bus pins 
are tied together and terminated in a capacitor returned to ground. This node is not tied to the 
3.3 V generated on the board. 
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3. 


4.1 


4.2 


VGA BIOS 


The CL-GD5465 is designed to comply with the AGP requirement that a single load appear on 
each signal. This requirement precludes connecting the BIOS EPROM directly to the bus. 
Instead, the EPROM is connected only to the CL-GD5465. The EPROM address inputs are 
driven with pins on the CL-GD5465 (RA[15:0]). The EPROM data pins are connected to 
RD[7:0]. The EPROM enables are both driven with the CL-GD5465 ROMCS#. 


If a27C256 EPROM is used, pin 1 should be pulled up to 5 V with a 10-kQ resistor. Ifa 27C512 
is used, pin 1 should be connected to RA15 with a zero-ohm resistor. 


DISPLAY MEMORY INTERFACE 


Memory Configurations 


The display memory is made up of one or two RDRAMs soldered to the board, plus another 
mounted in a socket. Only Rambus Channel A can be used with the CL-GD5465. Table B3-2 
indicates the memory configurations available with this design. 


Table B3-2. Display Memory Configurations 






Capacity Devices 





2 Mbytes U6, R47 





4 Mbytes U6, U7 





U6, U7, J9 (one RDRAM on RModule), or 


6 Mbytes U6, J9 (two RDRAMs on RModule) 





8 Mbytes U6, U7, J7 














Rambus® Channel Design 


The layout of the Rambus channel is described in Appendix B1, “Layout Guidelines” 

on page B1-15. The terminators for Channel A, and the VTERM and VREF generators are 
shown in the schematic diagrams included in this appendix. The equations relating to the 
VTERM and VREF generators are also discussed in Appendix B1. The power conditioning for 
the RAC is shown in the schematic diagrams included in this appendix. 


Rambus channel A is laid for either one or two RDRAMs and RSocket. Rambus Channel B is 
laid out for a single RDRAM and RSocket. This channel is not used for the CL-GD5465. 
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5. 


5.1 


5.2 


5.3 


MONITOR INTERFACE 


RGB Lines 


The RGB lines are terminated in 75 a to DACVSS. This provides half of the nominal 37.5-9 
DC load; the other half is in the monitor. 


The 7 filters on each RGB line control edge rates and reduce RFI (radio frequency interfer- 
ence) to an acceptable level. The component values in these filters represent a trade-off. For 
good crisp video, especially at higher frequencies, the cutoff frequency should be as high as 
possible. On the other hand, for reduced emissions the cutoff frequency should be fairly low. 


The resistors (R14, R13, and R12) are located as close as possible to the CL-GD5465. The 
filters are located very close to the DB-15 connector. The traces between the CL-GD5465 and 
the filters are direct with no vias and no sharp corners. These traces must be designed with a 
characteristic impedance as close as possible to 75 2 The edge rates, especially before the 
filters, are fast enough that a trace as short as a few inches begins to behave as a transmission 
line. 


Clamping diodes (returned to 5 V and ground) are provided for each video line. These are 
implemented specifically to avoid damage to the CL-GD5465 in case of a high energy spike 
from the monitor. 


Sync Lines 


The HSYNC and VSYNC signals are isolated with the 7 LC filters of ferrite bead (17 Q at 
100 MHz) and 220-pF capacitor. The filter outputs connect directly to the DB15 pin and the 
VESA connectors. 


Clamping diodes (returned to 5 V and ground) are provided for each sync line. These are 
implemented specifically to avoid damage to the CL-GD5465 in case of a high energy spike 
from the monitor. 


Monitor ID 


The BIOS requires information regarding the capability of the connected monitor so that it can 
program the appropriate refresh rates for the various video modes. In some cases, due to 
monitor capability, the higher resolution modes cannot be programmed at all. 


The DDC2B is a bidirectional data channel based on the I2C bus. The data clock is on MID3 
(DB15 pin 15) and the bidirectional data is on MID1 (DB15 pin 12). DDC2B is an open-collec- 
tor protocol. The logic in the controller must pull-up each of the two signals (MID1 and MID3) 
and drive each signal low. In addition, the software must be able to sense each line (MID1 and 
MID3). These signals are named SDA and SCL, respectively, in the schematic diagrams. 
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Table B3-3. Monitor I2C Connections 





























Function Clock Data 
Signal name SCL SDA 
Pull-up resistor R8 R11 
Series resistor R9 R10 
DB15 Pin 15 12 
5.4 Video Connector Pin 9 


Pin 9 of the video connector can be tied to the 5-V rail through either a fuse and 1-kQ resistor. 


6. VESA® CONNECTOR 


The VESA connector pins are tied to the corresponding pins on the CL-GD5465 either directly 
or through an appropriate resistor. Table B3-4 shows the pins on the VESA connector. 


Table B3-4. VESA® Connector Pins 



































Pin Function Note Pin Function Note 
Z1 GND Y1 PO 

Z2 GND Y2 P1 

Z3 GND Y3 P2 

Z4 EVIDEO# 1-kQa Y4 P3 

Z5 ESYNC# 1-kQa Y5 P4 

Z6 EDCLK# 1-kQa Y6 P5 

Z7 SCL2 b Y7 P6 

Z8 GND Y8 P7 

29 GND Y9 DCLK 

Z10 GND Y10 BLANK# 

211 GND Y11 HYSNC Filtered 
Z12 N/C Y12 VSYNC Filtered 
Z13 SDA2 c Y13 GND 























se) 


EVIDEO#, ESYNC#, and EDCLK# each has a 1-kQ series with a 6.8-kQ pull-up resistor to 5 V. 
Z7 is ano connect in the VESA specification. Cirrus Logic uses this pin as the clock pin of a 
second I2C interface. 

Z13 is ano connect in the VESA specification. Cirrus Logic uses this pin as the data pin of a 
second I2C interface. 


oO 


a 


May 1997 B3-6 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 


7. VMI Host Port 


APPENDIX B3 — AGP BUS REFERENCE DESIGN 


The VMI host port connection pins are tied to the corresponding device pins. This is summa- 


rized in Table B3-5. 


Table B3-5. VMI Host Post 



























































































Function Function 

+12V Power RDO Data bit 0 
Z2 RD1 Data bit 1 Y2 Ground 7 
23 Ground = Y3 RD2 Data bit 2 
Z4 RD3 Data bit 3 Y4 RD4 Data bit 4 
25 +5 V Power Y5 RD5 Data bit 5 
Z6 RD6 Data bit 6 Y6 RD7 Data bit 7 
Z7 OSC 14.3 MHz Y7 RAO Address 0 
Z8 RA1 Address 1 Y8 RA2 Address 2 
Z9 RA3 Address 3 Y9 +5V Power 
Z10 Ground - Y10 RESET# Conditioned RST#4 
211 PCS# Chip select Y11 Ground - 
Z12 RA6 RD# Y12 RA5 WR# 
Z13 +3.3 V Power Y13 RA4 READY# 
Z14 No connect - Y14 INTA# Interrupt request 
215 No connect = Y15 No connect 7 
Z16 +5 V Power Y16 +3.3 V Power 
Z17 AVIDGND Analog Video Return Y17 AVIDY Analog video in 
218 No connect = Y18 No connect - 
Z19 RAS (6.8K) (Configuration) Y19 AUDIOL (left) 
Z20 AUDGND - Y20 AUDIOR (right) 

















a Jumper option allows connection directly to PCI RST#. 
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7.1 


8. 


8.1 


8.2 


8.3 


Second I2C Interface 


The second I@C interface allows the host to communicate with devices using the standard TV 
tuner interface. Table B3-6 shows the connections. 


Table B3-6. Second I2C Connections 






Function 


Signal name 





Pull-up resistor 





Series resistor 








VESA connector pin 








POWER DISTRIBUTION AND CONDITIONING 


Introduction 


The most common reason for unsatisfactory performance of a video subsystem is a failure on 
the part of the board designer to properly manage power distribution and conditioning. Dedi- 
cated power and ground planes are required for boards based on the CL-GD5465 device. 


Dedicated Ground Plane 


A dedicated ground plane minimizes differential ground offsets and more nearly approximates 
the ideal notion of ‘ground’. Additionally, a ground plane is necessary to predict and control the 
characteristic impedance of those traces that must be treated as transmission lines. 


The ground plane on the CL-GD5465 has no isolation cuts, it is a single solid sheet of copper. 


Dedicated Power Plane 


A dedicated power plane allows low-impedance distribution of Vcc, minimizing noise and cou- 
pling. A dedicated power plane also behaves as an AC ground, making it possible to predict 
and control the characteristic impedance of traces above it (the Rambus channel traces are 
all referenced to ground). 


The CL-GD5465 and the RDRAMs are 3.3-V devices. The EPROM and reference oscillator 
are 5-V devices. This leads naturally to a divided power plane as shown in Figure B3-1. The 
area around the periphery of the board is 5 V, and provides power to the oscillator and the 
EPROM. The area in the middle of the board provides power to the CL-GD5465 and the 
RDRAMs. All the logic in the CL-GD5465, including the I/O buffers, is powered with 3.3 V gen- 
erated on the board. 
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8.4 


8.5 


8.6 


3.3-V Supply 


The 3.3 V is derived from 5 V with a standard three-terminal regulator as shown in the sche- 
matic diagrams. R66 ties the GND pin to ground. If a variable regulator is used, R67 and R66 
set the output voltage (3.3 V). 


Power Conditioning 


Three areas on the power plane are further isolated within the 3.3-V section.These are desig- 
nated DACVDD, MCLKVDD, and DCLKVDD. Each is connected to the 3.3-V section through 
an LC filter consisting of a Ferrite bead and a 10-uF capacitor in parallel with a 0.1-uF capac- 
itor. Each capacitor in each filter is returned to the ground plane. 


REGULATORS 













5-V AREA 


TF 


DCLKVDD 
DACVDD 





MCLKVDD 

















3.3-V AREA 






































Figure B3-1. Power Plane 


Power Bypassing 


Bypass capacitors are used to minimize power sags caused by current spikes and reduce the 
power distribution impedance. Bulk bypassing is present in the area where power comes onto 
the board and around the 3.3-V regulator. 


High-frequency bypass capacitors are distributed as needed on the board. Every digital Vcc 
pin on the CL-GD5465 has a bypass capacitor located as close to the pin as possible. Each 
pin is connected to its capacitor — and the power plane — with a short, thick, direct lead. The 
ground connection of each capacitor is made with a via directly to the ground plane. The Ram- 
bus channels are heavily bypassed. This is described in Appendix B1. 
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9. CONFIGURATION RESISTORS 


CL-GD5465 Technical Reference Manual 


The configuration resistors shown in Table B3-7 are on sheet 6 of the schematic. 


Table B3-7. Configuration Resistors 





Pin 
RDO 
RD1 


Installed 


Select AGP pad characteristics 


V-Port device attached 


Select PCI pad characteristics 


V-Port device not attached 


Not Installed 





RD2 


TV-out is PAL 


TV-out is NTSC 





RD3 


TV-out attached 


TV-out not attached 





RD4 


V-Port data comes in on TV[7:0] (test only) 


V-Port data comes in on RA[14:7] 





RD6 


32K ROM decode 


64K ROM decode 





RD7 


RAO 


Disable VGA operation 


Disable feature connector: 
force VMI operation 


Enable VGA operation 


Enable feature connector 





RA1 
RA2 


Feature connector data on EV[7:0] 


VMI mode B 


Feature connector data on RA[14:7] 


VMI mode A 





RA3 


VMI Enabled (pull-down on VMI Port 219) 





VMI not enabled 





RA4, 
5,6 





RAS 





RA6 


111: AGP, no sideband, 66 MHz 
110: AGP, no Sideband, 133 MHz 
101: PCI 33 MHz (fast DEVSEL#) 

100: PCI 66 MHz (medium DEVSEL#) 
011-000: Reserved 





RA7 








Reserved 





Reserved 











10. MISCELLANEOUS 


10.1 Synthesizer Reference 


The 14.3-MHz reference required by the dual-frequency synthesizer can be supplied with the 
on-chip oscillator. In this case, the reference cannot be driven to the VMI host interface. If the 
14.3 MHz is required at the VMI host interface, it must be supplied with an external oscillator. 
In this case, it is driven directly into XTALO. XTAL1 must be a no-connect in this case. 
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10.2 Current Reference 


The CL-GD5465 has an integrated current reference that requires only a resistor to set the full- 
scale current level and a capacitor on IREF. The resistor value can be calculated with 
Equation B3-1 where Load is the DC load in ohms, and VFullScale is the desired full-scale 
voltage. This logic is shown in the schematic diagrams. 


2.52V ¢ Load 
R = E ion B3-1 
nce VFullScale een 
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APPENDIX B4 — CONFIGURATION NOTES 


1. INTRODUCTION 


CONFIGURATION NOTES 


CL-GD5465 Technical Reference Manual 


When RST# switches from active to inactive (the positive edge), the CL-GD5465 loads the lev- 
els on a number of pins into internal latches. These latches control fundamental properties of 
the device, such as the host interface. 


2. CONFIGURATION SUMMARY 


The pins used for configuration have an internal pull-up resistor (nominally 250 kQ). The 
default (if no pull-down resistor is installed) is ‘1’. If ‘0’ is to be loaded into the latch, an external 
pull-down resistor (typically 6.8 kQ) must be installed. Table B4-1 provides an overview of the 
Configuration bits. PCIEC is the PCI configuration register at OxEC. This column indicates the 
corresponding bit this register. Some bits can be read back elsewhere as well; this is indicated 
in the Additional Readback column. 





















































Table B4-1. CL-GD5465 Configuration Bits 
Pin Descilotion Additional 
Name P Readback 
Request INTA# 
INTA# Do not request INTA#, disable PCI INT_EN (26) PCI interrupt line 
Interrupt Line register 
Enable ROM decode Sepeeus 
ase 
ROMCS# Disable ROM decode and PCI ROM_EN (25) address 
Adapter ROM Base Address register 
sur Normal RAC operation RAC_BYPASS _ 
RAC Bypass mode (for ATE test) (24) 
RCLK pin operates normally 
RA15 RCLK_ATE (15) - 
RCLK pin drives SYSCLK directly 

RA14 Reserved (14) = 

RA13 Reserved (13) - 

RA12 Reserved (12) = 

RA11 Reserved (11) = 

RA10 Reserved (10) - 

RAQ Reserved (9) - 
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Table B4-1. CL-GD5465 Configuration Bits (cont.) 
Pin pe Additional 
Name ne State Description PCIEC Readback 
RA8 Reserved [8] - 
RA7 Reserved [7] - 
AGP, no sideband, 66 MHz 
AGP, no sideband, 133 MHz 
PCI 33 MHz (fast DEVSEL# speed) 
RAG PCI 66 MHz (medium DEVSEL# 
RAS speed) AGP_CFG [6:4] 2 
RA4 Reserved 
Reserved 
Reserved 
Reserved 
VMI host interface disabled 
VMI host interface disabled 
ao VMI_MODE [3:2] vu oe 
VMI host interface Mode A register 
VMI host interface Mode B 
Put feature connector data on 
RA [14:7] 
RA1 FC_SEL [1] - 
Put feature connector data on 
EV [7:0] 
1 Enable feature connector at reset 
RAO 111 FC_EN [0] - 
0 Disable feature connector at reset 
1 Enable VGA operation 
RD7 109 VGA_EN [23] PCI Subclass [7] 
0 Disable VGA operation 
1 Enable 64K ROM decode@ PCI Expansion 
RD6 107 64KROM [22] ROM Base 
0 Disable 64K ROM decode (32K only) Address 15 
1 SCL2 pin operates normally 
RDS 106 0 SCL2 pin drives internal video clock DCLK_ATE [21] - 
(VCLK) directly (for ATE) 
1 V-Port data comes in on RA [14:7] 
RDA 104 VPORT_DATA_SR 
0 V-Port data comes in TV [7:0] C [20] 
(test only) 
1 TV-Out devices is not attached 
RD3 | 103 ae PV1_ STATUS [0] 
0 TV-Out device is attached [19] 
1 TV-Out device is NTSC 
RD2 102 TV_NTSC [18] - 
0 TV-Out device is PAL 
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Table B4-1. CL-GD5465 Configuration Bits (cont.) 


Additional 
Readback 


Description 














— a6 1 V-Port device is not attached V-PORT PVO_ STATUS [0] 
0 V-Port device is attached PRESENT_N [17] 7 
1 Select PCI pad characteristics 

RDO 100 eat MODE ' 
0 Select AGP pad characteristics [16] 




















a For Revision AA and AB of the CL-GD5465, the functions of RD6 and RA15 are swapped. Revision AC and 
later will function as described. 


3. CONFIGURATION DETAILS 


INTA# 


If a pull-down resistor is installed on the INTA# pin, no PCI interrupt pin is claimed. The output 
driver is disabled. If no pull-down resistor is installed on the INTA# pin, the interrupt is claimed. 
The interrupt line and interrupt pin PCI configuration registers are controlled by this configura- 
tion, as indicated in Table B4-2. 


Table B4-2. Interrupt PCI Registers 






Interrupt Pin (PCI 3C) Interrupt Line (PCI 3D) 








Pull-down installed Read/write; initialized to OxFF Read-only 0 














No pull-down Read-only 0 Read-only 01 








ROM Enable 


If a pull-down resistor is installed on the ROMCS# pin or if the pin is tied directly to ground, the 
ROM decode is disabled. If no pull-down resistor is installed on ROMCS#, the ROM decode 
is enabled. This configuration controls the PCI Adapter Base Address register, and the PCI 
Subsystem ID register, as shown in Table B4-3. 


Table B4-3. ROMCS# Controlled PCI Registers 























ROMCS# PCI Adapter Base Address PCI Subsystem Vendor ID 
seal Read-only 0 Writable by VS_ CONTROL 
(or grounded) 

No pull-down Read/write configuration register Returns BIOS locations as noted 
RAC Bypass 


If a pull-down resistor is installed on the SOUT pin (or if it is driven low at reset), RAC Bypass 
mode is selected. This is intended for ATE testing only. If no pull-down resistor is installed, nor- 
mal RAC operation is selected. 


May 1997 B4-4 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual APPENDIX B4 — CONFIGURATION NOTES 


RCLK Test Mode 


If a pull-down resistor is installed on the RA15 pin (or if it is driven low at reset), the RCLK pin 
drives SYSCLK directly, this is intended for ATE testing only. If no pull-down resistor is 
installed, the RCLK pin operates normally. The function of this configuration bit and RD6 are 
swapped in Revision AA and AB silicon. Revision AC and later function as described. 


Host Bus Configuration 


These three bits are used together to specify the host bus configuration, according to 
Table B4-4. 


Table B4-4. Host Bus Configuration 


State | Description 


111 AGP, no sideband, 66 MHz 





110 AGP, no sideband, 133 MHz 





101 PCI 33 MHz (fast DEVSEL# speed) 





100 PCI 66 MHz (medium DEVSEL# speed) 





011 Reserved 





010 Reserved 





001 Reserved 





000 Reserved 

















VMI Host Interface Configuration 


These two bits are used together to specify the VMI host interface bus (GPIO configuration), 
according to Table B4-5. 


Table B4-5. VMI Host Interface Configuration 


State Description Note 


11 VMI Host Interface Disabled 
10 VMI Host Interface Disabled 





01 VMI Host Interface Mode A | RAG is resistively coupled to INSERT# pin on 
the VMI connector. When a board is installed, 


00 VMI Host Interface Mode B this pin is grounded, enabling the VMI host 
interface. 























Feature Connection Data Select 


If no pull-down resistor is installed on the RA1 pin, feature connector data is driven onto 
RA[14:7]. If a pull-down resistor is installed on the RA1 pin, feature connector data is driven 
on EV[7:0]. This is used for adapter cards that require strict feature connector compatibility at 
reset. 


Copyright 1997 — Cirrus Logic Inc. B4-5 May 1997 


APPENDIX B4 — CONFIGURATION NOTES CL-GD5465 Technical Reference Manual 


Feature Connector Enable 


If no pull-down resistor is installed on the RAO pin, the feature connector pins are enabled at 
reset. These pins are the feature connector data bus, HSYNC, VSYNC, BLANK#, and DCLK. 
If a pull-down resistor is installed on the RAO, the feature connector pins are disabled at reset. 
This may be necessary to work correctly with some decoders that are not VMI compliant. 


VGA Operation 


If no pull-down resistor is installed on the RD7 pin, VGA operation is enabled. If a pull-down 
resistor is not installed on the RD7 pin, VGA operation is disabled. This may be necessary in 
some environments that include multiple graphics adapters. 


BIOS Size 


If no pull-down resistor is installed on the RD6 pin, the CL-GD5465 is configured for 64K ROM 
decode. Bit 15 of PCI30 is a read-only ‘0’. If a pull-down resistor is installed on RD6, the 
CL-GD5465 is configured for 32K ROM decode. 


VCLK Test Mode 


If a pull-down resistor is installed on the RD5 pin (or if is driven low at reset), the SCL2 pin 
drives the internal video clock (VCLK). This mode is intended for factory testing. If no pull-down 
resistor is installed on RD5, the SCL2 pin functions normally and VCLK is generated internally. 


V-Port™ Data Source 


If a pull-down resistor is installed on the RD4 pin, V-Port data comes in on TV[7:0]. This option 
precludes TV-Out. If no pull-down resistor is installed RD4, V-Port data comes in a RA[14:7]. 


TV-Out™ Present 


If a pull-down resistor is installed on the RD3 pin, a TV-Out device is installed. If no pull-down 
resistor no installed, no TV-Out device is installed. 


TV-Out™ Format 


If a pull-down resistor is installed on the RD2 pin, the digital TV-Out is configured for PAL. If no 
pull-down resistor is installed, the digital TV-Out is configured for NTSC. 


V-Port™ Present 


If a pull-down resistor is installed on the RD1 pin, a V-Port device is installed. If no pull-down 
resistor is installed on the RD1 pin, no V-Port device is installed. 


PCI Pad Mode 


If a pull-down resistor is installed on the RDO pin, the CL-GD5465 PCI pads are configured for 
AGP drive levels. If no pull-down resistor is installed on the RDO pin, the CL-GD5465 PCI pads 
are configured for PCI drive levels. 
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1. 


SIGNATURE GENERATOR 


INTRODUCTION 


The CL-GD546X incorporates SG (signature generator) logic to test the display memory and 
video logic. This feature makes it possible to capture a 24-bit signature for any video mode and 
the display memory contents. An error in the display memory, control logic, or pixel data 
manipulation logic produces a signature different from a known good signature produced with 
the same test conditions. 


This is useful at final test time and allows the test technician to quickly and accurately check 
a test pattern, to avoid resorting to a time-consuming and error-prone visual inspection of the 
screen. The SG is used extensively in the manufacturing test. 


The SG is captured for every pixel in the frame. There are three fields in the SG Control register 
that specify the higher, middle, or lower bytes within the resulting 24-bit signature. Two addi- 
tional bits in the SG Control register serve to reset and enable the SG, respectively. 


Note that the signature is a function of the displayed pixels, not just the display data. If the dis- 
play screen includes blinking attributes or a blinking cursor, the signature is different for those 
frames when the pixel is blinked off than when the pixel is blinked on. The SG is intended to 
be used when blinking is disabled. 


REGISTER SR18: SIGNATURE GENERATOR CONTROL 


Register SR18 controls the signature generator. Register SR18, SR19, and SR1A definitions 
are summarized in Table B5-1. 


Table B5-1. Registers SR18, SR19, and SR1A: Signature Generator Control 

















Bits Use Note 
SR18[7:6] Reserved 
0: Data from frame buffer 
SR18[5] Enable data generator 1: Data from data generator 
SR18[4:3] Reserved 
‘ : 0: SR1A contains middle byte of 24-bit signature 
SR18(2] MAGIA G Mig h Dyieiseleat 1: SR1A contains high byte of 24-bit signature 
SR18[1] SG reset 
SR18[0] SG enable/status 
SR19 Low byte Signature generator result low byte 
SRIA Middle or high bytes Signature generator result middle or high byte (see 








SR18[2] for selection of middle or high byte) 














SR18[1] is programmed to ‘1’ to reset the SG to an initial known state. 
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SR18[0] is programmed to ‘1’ (simultaneously with SR18[1] being programmed to ‘0’) to start 
the SG. The SG automatically delays until the next VSYNC and then begins accumulating a 
signature of the specified bit. The signature is accumulated for one frame and then SR18[0] is 
set to ‘0’. By monitoring this bit, the program can determine when the signature is complete. 
When the signature is complete, it can be read from SR19 and SR1A. 


3. SAMPLE CODE 


The following code example in ‘C’, illustrates the method a programmer might use to capture 
a 24-bit signature for any 8-bpp screen. It is assumed that the screen is already displayed, and 
no blinking attributes (in Text mode) are displayed. 


signature_capture 


{ 


unsigned int result,i,SR19_LOW, SR1IA_HIGH, SR1IA_MIDDLE 


unsigned long 





SIG; 


() /* Capture signatures for 8 BPP mode */ 


outp (0x3c4,0x18); 
outp (0x3c5,0); 
outp (0x3c5,2); 
outp (0x3c5,0); 
outp (0x3c4,0x18); 
outp (0x3c5,1); 
result = inp 


(Ox3c5); 


while ((result & 0x01) != 
outp (0x3c4,0x18); 


result = inp 


} 


(Ox3c5); 


outp (0x3c4,0x19); 


SR19_LOW = 


inp 


(Ox3c5); 


outp (0x3c4,0x1A); 


SR1A_MIDDLE 





= inp (0x3c5); 


outp (0x3c4,0x18); 


outp (0x3c5 


14); 


outp (0x3c4,0x1A); 


SR1IA_HIGH = 


SIG = (SRIA_HIGH<<16) | (SRIA_MIDDLI 


inp 


(Ox3c5); 
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/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 





B5-3 





point to SR18 */ 

enable data from Frame Buffer */ 
reset the SG* / 

turn off the reset bit */ 

this really is necessary */ 

and start it up */ 

read this once here */ 

wait until signature is captured */ 


this must be done here */ 


point to low byte */ 
and read it */ 

point to middle byte */ 
and read it */ 

point to SR18 */ 

select high byte */ 
point to high byte */ 


and read it */ 


E<<8) |SR19_LOW; /* combine the 3 bytes */ 
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1. 


2.1 


PIN SCAN 


INTRODUCTION 


Pin-Scan testing is a technique for verifying that an IC has been properly soldered to the circuit 
board. Any IC signal pin not connected to the board, or shorted to any neighboring pin or trace, 
is detectable using this technique. The advantage of Pin-Scan testing is that the test patterns 
to verify full board connectivity are much simpler than would otherwise be possible. The pins 
are connected sequentially around the IC in four chains, so that the value on each output pin 
depends only on the levels applied to the other pins of the respective group, rather than the 
internal state of the VGA processor. In addition, the Pin-Scan logic is strictly combinatorial, so 
no clock pulses are required. 


The first pin in each chain is an input pin; the last pin is an output pin. Each input signal is 
XOR’ed with the scan data from its lower-numbered neighboring input. The result of this XOR 
is passed to its higher-numbered neighbor. Each output pin is driven with the value passed 
from its lower-numbered neighbor. 


NOTE: There is no necessary relationship between the direction of a pin in Pin-Scan mode and the 
normal direction of a pin. 


TEST METHOD 


In Pin-Scan mode the test program begins by driving all the input pins of a group to ‘1’, and 
verifying that the output pin matches the value shown in the respective table. On subsequent 
cycles, the program drives each input pin to ‘0’ and verifies that output matches the value 
shown. In each case, the output is inverted from the value for the all-zeroes case. 


If the value applied to an input pin is changed and the ‘down-stream’ output pins do not 
change, that input is shorted or not soldered. If any single output is wrong, it is either shorted 
or not soldered. 


Entering Pin-Scan Mode 


Pin scan is entered by forcing TMS and TCLK to 01b. No clocks are required. 
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3. PIN SCAN ORDER 


The following tables show each of the four pin-scan groups. The last pin in each group is an 
output; all the others are inputs. 


Table B6-1. Pin-Scan Order: Group 1 























































































Pin Name Pin Number Group/Pin 
ESYNC Input 1-1 
EVO 155 Input 1-2 
EV1 154 Input 1-3 
EV2 153 Input 1-4 
EV3 151 Input 1-5 
EV4 150 Input 1-6 
EV5 148 Input 1-7 
EV6 147 Input 1-8 
EV7 146 Input 1-9 
EVCLK 145 Input 1-10 
SDA 144 Input 1-11 
SCL 143 Input 1-12 
EVIDEO# 138 Input 1-13 
ESYNC# 136 Input 1-14 
EDCLK# 136 Input 1-15 
SCL2 133 Input 1-16 
DCLK 132 Input 1-17 
BLANK# 131 Input 1-18 
HSYNC 130 Input 1-19 
VSYNC 129 Input 1-20 
RA15 128 Input 1-21 
RA14 127 Input 1-22 
RA13 125 Input 1-23 
RA12 124 Input 1-24 
RA11 123 Input 1-25 
RA10 122 Input 1-26 
RAQ 120 Input 1-27 
RA8 119 Input 1-28 
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Table B6-1. Pin-Scan Order: Group 1 (cont) 
Pin Name Pin Number Group/Pin 
RA7 118 Input 1-29 
RA6 117 Input 1-30 
RA5 116 Input 1-31 
RA4 115 Input 1-32 
RA3 114 Input 1-33 
RA2 113 Input 1-34 
RA1 112 Input 1-35 
RAO 111 Input 1-36 
PCS# 110 Input 1-37 
RD7 109 Input 1-38 
RD6 107 Input 1-39 
RD5 106 Input 1-40 
RD4 104 Input 1-41 
RD3 103 Input 1-42 
RD2 102 Input 1-43 
RD1 101 Input 1-44 
RDO 100 Input 1-45 
ROMCS# 75 Output 1-46 

















Table B6-2. Pin-Scan Order: Group 2 
















































Pin Name Pin Number Group/Pin 
ADO Input 2-1 
AD1 63 Input 2-2 
AD2 62 Input 2-3 
AD3 61 Input 2-4 
AD4 60 Input 2-5 
AD5 59 Input 2-6 
AD6 57 Input 2-7 
AD7 56 Input 2-8 

CBEO# 54 Input 2-9 
ADSTBO 53 Input 2-10 
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Table B6-2. Pin-Scan Order: Group 2 (cont) 





























Pin Name Pin Number Group/Pin 
AD8 52 Input 2-11 
AD9 51 Input 2-12 

AD10 50 Input 2-13 
AD11 49 Input 2-14 
AD12 48 Input 2-15 
AD13 47 Input 2-16 
AD14 46 Input 2-17 
AD15 45 Input 2-18 
CBE1# 44 Input 2-19 
PAR 43 Output 2-20 

















Table B6-3. Pin-Scan Order: Group 3 
























































Pin Name Pin Number Group/Pin 
STOP# 41 Input 3-1 
DEVSEL# 40 Input 3-2 
TRDY# 38 Input 3-3 
IRDY# 36 Input 3-4 
FRAME# 35 Input 3-5 
CBE2# 34 Input 3-6 
AD16 33 Input 3-7 
AD17 32 Input 3-8 
AD18 31 Input 3-9 
AD19 30 Input 3-10 
AD20 29 Input 3-114 
AD21 27 Input 3-12 
AD22 26 Input 3-13 
AD23 24 Input 3-14 
CBE3# 23 Input 3-15 
ABSTB1 22 Input 3-16 
AD24 21 Input 3-17 
AD25 20 Input 3-18 
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Pin Name Pin Number Group/Pin 
AD26 19 Input 3-19 
AD27 18 Input 3-20 
AD28 17 Input 3-21 
AD29 16 Input 3-22 
AD30 14 Input 3-23 
AD31 13 Input 3-24 
SBAO 11 Input 3-25 
SBA1 10 Input 3-26 
SBA2 9 Input 3-27 
SBA3 8 Input 3-28 
PIPE# il Input 3-29 
SBA4 6 Input 3-30 
SBA5 5 Input 3-314 
SBA6 4 Input 3-32 
SBA7 3 Input 3-33 
RBF# 2 Input 3-34 

ST2 1 Input 3-35 
ST1 207 Input 3-36 
STO 206 Input 3-37 
GNT# 204 Input 3-38 
REQ# 203 Input 3-39 
CLK 202 41? 
RST# 201 40? 
INTA# 200 Output 3_42 




















Table B6-4. Pin-Scan Order: Group 4 








Pin Name Pin Number Group/Pin 
RATCLK 86 Input 4-1 
RARCLK 88 Output 4-2 

















CL-GD5465 Technical Reference Manual 


Pins not listed in Table B6-1 through Table B6-4 are not accessible in the pin scan because 
they are either analog or Rambus channel pins. Also, the power pins are not accessible to the 


pin scan. 
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1. 


1.1 


MANUFACTURING TEST 


MANUFACTURING TEST PROGRAM 


The manufacturing test program (MFGTST.EXE) verifies the various modes and functions for 
the correct operation of the CL-GD5465. Primary features include: write/read/compare tests 
of all video register groups, write/read/compare tests of all video RAM, display patterns for 
visual verification of all primary video modes, and 2D/3D drawing engine verification. Also 
included is a complete set of miscellaneous video tests designed to verify proper operation of 
the CL-GD5465. All RAM and register tests are self-checking to the extent that values are read 
and compared to expected values. When a difference is detected, an error message is gener- 
ated and a complete test report is available at the end of a test session. 


Operating Instructions 


MFGTST.EXE detects device type and automatically configures itself to run all valid tests for 
the CL-GD546X video device that is installed in the system. In cases where a particular test 
is device-specific, the program senses and records it. 


MFGTST.EXE is easy to install and operate. The [Tab] key allows the user to jump between 
the three different windows on the MFGTST display: Test Groups, Test Cases, and Test Log. 
The arrow keys highlight the selections and controls the cursor within the MFGTST windows. 


To obtain additional help concerning a function in MFGTST.EXE, press the [F1] key. Help in 
the MFGTST dialog boxes is available by tabbing to the Help option and pressing [Enter]. 


To exit to the DOS prompt, simultaneously press the [Alt] and [X] keys or tab to the diamond 
in the upper-left-hand corner of the MFGTST display and press [Enter]. 


When a triangle is displayed in the lower-right-hand corner of the Test Cases window, there 
are more listed test cases for a specific group. Use the arrow keys to move to the last test case 
name. To view the remainder of the tests listed, continue using the down arrow key. 
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1.2 


Installing and Starting MFGTST.EXE 


To start and install the MFGTST.EXE: 


1) 


2) 


Run the INSTALL.EXE program. One of the files installed during the installation process is 
MFGTST.INI. This file contains program start-up and configuration information such as auto mode 
tests, menu mode tests, and user interface configuration data. 


To start MFGTST.EXE, at the MFGTEST directory type 
mfgtst 
and press [ENTER]. 


Command line options, listed in Table B7-1 below, can be used when starting MFGTST.EXE. For 
example, to redirect MFGTEST to a serial terminal setup for ANSI/VT100 emulation, type 
mfigtst /com:1:19200:n:8:1 


This sets MFGTST.EXE to load and direct output to COM1 at 19200 baud, no parity, 8 data bits, 
and 1 stop bit. 


Table B7-1._  MFGTST.EXE Command Line Options 






































Command 
Iv Verbose mode 
/a OEM auto 
/c Continue 
/f Log file 
/m OEM Menu mode 
/q Quiet mode 
/e Engineering mode 
/vga Output to VGA device. 
/mda Output to MDA (monochrome) adapter. 
/com Output to COM port, has several parameters. 
ans Set number of output terminal lines to <n>. The default is 25 
lines. 
Mle Set number of log window (menu mode) lines to <n>. The 
default is 6 lines. 
/con Auto mode test until key hit. 
/ds Display test summary (auto mode only). 
/fdac:<SR1E:SROE> Set VCLK frequency. 











3) When exiting MFGTST.EXE, a dialog box inquires whether to “Save the Program Configuration 


(MFGTST.INI)?” if one does not already exist. To create the initialization file, MFGTST.INI, choose 
OK. If an initialization file is unnecessary, choose Cancel. 


For effective and efficient use of MFGTST.EXE, read Section 1.3 before running any tests. 
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1.3 


1.3.1 


Using the MFGTEST Program 


To run a single test in a Test Group once, tab the cursor to the Test Cases window and use the 
arrow keys to scroll up and down the list. When the selection to run the test is made, press 
[Enter]. A ‘p: in front of the Test Group name signifies that the test has passed. An ‘F!’ in front 
of the Test Group name signifies that the test has failed. A ‘c!’ in front of the Test Group name 
indicates the test did not run. 


To select or deselect several test groups and test cases, press the space bar. A symbol 
appears to the left of the selected groups and cases. Tab between the Test Groups and Test 
Cases and use the arrow keys to scroll up and down the list. Simultaneously pressing [Alt] and 
[M] marks all tests in a group that will run (symbols appear next to all marked tests). To unmark 
all tests in a group, simultaneously press [Alt] and [U]. 


To run several test cases for a test group, mark the appropriate tests and tab the cursor to the 
Test Groups window. Press [Enter] on the name of the test group. All selected tests in that 
group are then run. 


To run all selected test cases in all marked test groups, press [Alt] and [R]. 


Using the Special Keystrokes 


To easily navigate around the three windows in the MFGTEST display, refer to table 
Table B7-2. Keystrokes marked with an asterisk (*) in the Description column prompts addi- 
tional text windows, described in the following sections. 


Table B7-2._ MFGTST.EXE Keystrokes 




















Keystroke Description 

F1 Help * 
F2 Run test controls dialog box * 

Alt+R Run all marked tests 

Alt + X Exit program 

Alt+V Video modes dialog 

Alt+M Mark all test cases in a group 

Alt+U Unmark all test cases in a group 
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Using the [F1] Keystroke 
When you press [F 1], the Help Topic dialog box appears displaying the following options: 


To get to the option text box, either tab to the option and press [Enter], or press the highlighted 
letter of the option. The ‘(A)bout’ option displays the Cirrus Logic copyright and version infor- 
mation for MFGTST.EXE. The ‘(K)eystrokes’ option displays the keystroke information found 
in Table B7-2. The ‘(T)est:.. option is available depending on the test currently highlighted. 
When it is available, it provides additional information about that test. The ‘(R)esults:..’ option 
is available depending on the test currently highlighted. When it is available, it provides addi- 
tional information about the results of that test. 


Using the [F2] Keystroke 


Press [F2] to bring up a dialog box of test control options to control looping through various 
tests. Note, not all test controls are fully implemented. To implement the test controls, click on 
or tab to one of the following options and press [Enter]. 


e [Options for Run All Marked Tests] 
e [General Options for Run Each Test] 
e [Specific Options for Run Each Test] 


e [Run All Marked Tests] 
[Options for Run All Marked Tests] controls duration and the amount of loop times in the tests. 
[General Options for Run Each Test] controls the duration for repeating the test and for what 


video modes and random speed. [Specific Options for Run Each Test] cannot be selected as 
it is not yet implemented. [Run All Marked Tests] runs all selected tests in all selected groups. 
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2. LISTING THE MANUFACTURING TESTS 


This section lists and gives a brief description of the manufacturing tests and test groups for 
the CL-GD546X family of VisualMedia accelerators. If no initialization file (MFGTST.INI) exists 
and you are running in Menu mode, the MFGTST.EXE utility creates a default. The following 
is a list of all tests that can currently be run with MFGTST.EXE. Note that because tests are 
frequently added and removed from MFGTST.EXE, the following list is subject to change. 


BLTMFG.blitx102416 Mem.wr32 
BLTMFG.blitx64024 Mem.obwr16 
BLTMFG.bltx80016 Mem.wr16 
HOST_1OPHOST_1O0P Mem.wr8 
KRETCH.KRETCH Mem.obi321 
O2STPMPM.O2STPMPM Mem.obi322 
O2STSCMP.O2STSCMP Mem.obi323 
O3SSTSCMP.O3STSCMP Mem.i32 
O3SSTSCPM.O3STSCPM Mem.obi16 
OFSTPCPM.OFSTPCPM Mem.i16 
OFSTSMPM.OFSTSMPM Mem.i8 
OFSTSPMM.OFSTSPMM Mem.obd321 
ROP256.ROP256 Mem.obd322 
SIL82_5.SIL82_ 5 Mem.obd323 
SR42120.SR42120 Mem.d32 
SRAMTST.SRAMTST Mem.obd16 
SSMFG.SS_16BPP Mem.d16 
SSMFG.SS_CLUT8 Mem.d8 
SSMFG.SS_YUV42 Mem. fast8i 
VidMode.Mode0x5c Mem.fast16i 
VidMode.Mode0x5e Mem. fast32i 
VidMode.Mode0x5f Mem.fast8d 
VidMode.Mode0x60 Mem.fast16d 
VidMode.Mode0x64 Mem.fast32d 
VidMode.Mode0x65 Mem.walk08 
VidMode.Mode0x6d Mem.walk18 
VidMode.Mode0x7 1 Mem.addtest 
VidMode.Mode0x72 Pulse 
VidMode.Mode0x73 Ramdac18.Rdfast 
VidMode.Mode0x74 Ramdac18.Rdwr 
VidMode.Mode0x75 Ramdac18.Rdi 
VidMode.Mode0x76 Ramdac18.Rdd 
VidMode.Mode0x78 Ramdac18.Rdc13 
VidMode.Mode0x79 Ramdac18.Rdc5C 
VidMode.Mode0x7a Ramdac18.Rdc5F 
Modelnfo Ramdac18.Rdc60 
Modes Ramdac24.Rdfast 


Mem.obwr321 
Mem.obwr322 
Mem.obwr323 
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Ramdac24.Rdwr 
Ramdac24.Rdi 
Ramdac24.Rdd 
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Ramdac24.Rdc13 
Ramdac24.Rdc5C 
Ramdac24.Rdc5F 
Ramdac24.Rdc60 


WriteMode.wm2rm1 


DisplayTest.vgacc 
DisplayTest.cbars 
Siggen.Mode5FR 
Siggen.Mode64R 


Siggen.Mode64R_15 


Siggen.Mode71R 
Siggen.Mode76R 


Siggen.Mode5Fw8R 


Siggen.Mode5F 
Siggen.Mode64 
Siggen.Mode64_15 
Siggen.Mode71 
Siggen.Mode76 
Siggen.Mode5Fw8 
LinTest0.LinTest1 
LinTest0.LinTest2 
LinTest0.LinTest3 
LinTest0.LinTest4 
LinTest0.LinTest5 
LinTest0.LinTest6 
LinTest0.LinTest7 
LinTest0.LinTest8 
LinTest0.LinTest9 
LinTest0.LinTest10 
LinTest0.LinTest1 1 
LinTest0.LinTest12 
LinTest0.LinTest13 
LinTest0.LinTest14 
LinTest0.LinTest15 
LinTest0.LinTest16 
LinTest0.LinTest1 7 
LinTest0.LinTest18 
LinTest0.LinTest19 
LinTest0.LinTest20 
LinTest0.LinTest21 
LinTest0.LinTest22 
LinTest0.LinTest23 
LinTest0.LinTest24 
LinTest0.LinTest25 
LinTest0.LinTest26 
LinTest0.LinTest27 
LinTest0.LinTest28 
LinTest0.LinTest29 
LinTest0.LinTest30 
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LinTest0.LinTest31 
LinTest0.LinTest32 
LinTest0.LinTest33 
LinTest0.LinTest34 
LinTest0.LinTest35 
LinTest0.LinTest36 
LinTest0.LinTest37 
LinTest0.LinTest38 
LinTest0.LinTest39 
LinTest0.LinTest40 
LinTest0.LinTest41 
LinTest0.LinTest42 
LinTest0.LinTest43 
LinTest0.LinTest44 
LinTest0.LinTest45 
LinTest0.LinTest46 
LinTest0.LinTest47 
LinTest0.LinTest48 
LinTest0.LinTest49 
LinTest0.LinTest50 
LinTest0.LinTest51 
LinTest0.LinTest52 
LinTest0.LinTest53 
LinTest0.LinTest54 
LinTest0.LinTest55 
LinTest0.LinTest56 
LinTest0.LinTest57 
LinTest0.LinTest58 
LinTest0.LinTest59 
LinTest0.LinTest60 
LinTest0.LinTest61 
LinTest0.LinTest62 
LinTest0.LinTest63 
LinTest0.LinTest64 
LinTest0.LinTest65 
LinTest0.LinTest66 
LinTest0.LinTest67 
LinTest0.LinTest68 
LinTest0.LinTest69 
LinTest0.LinTest70 
LinTest0.LinTest7 1 
LinTest0.LinTest72 
LinTest0.LinTest73 
LinTest0.LinTest74 
LinTest0.LinTest75 
LinTest0.LinTest76 
LinTest0.LinTest77 
LinTest0.LinTest78 
LinTest0.LinTest79 
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LinTest0.LinTest80 
LinTest0.LinTest81 
LinTest0.LinTest82 
LinTest0.LinTest83 
LinTest0.LinTest84 
LinTest0.LinTest85 
LinTest0.LinTest86 
LinTest0.LinTest87 
LinTest0.LinTest88 
LinTest0.LinTest89 
LinTest0.LinTest90 
LinTest0.LinTest91 
LinTest0.LinTest92 
LinTest0.LinTest93 
LinTest0.LinTest94 
LinTest0.LinTest95 
LinTest0.LinTest96 
LinTest0.LinTest97 
LinTest0.LinTest98 
LinTest0.LinTest99 
LinTest0.LinTest100 
FTWOOWFO.FTWOOWFO 
FTW10WF1.FTW10WF1 
FTW20WF2.FTW20WF2 
CHROMA20.CHROMA20 
CHROMA23.CHROMA23 
CHROMA39.CHROMA39 
CHROMA40.CHROMA40 
COLREP16.COLREP.16 
COLREP24.COLREP24 
COLREP32.COLREP32 
COLREP8.COLREP8 
LGCHROM1.LGCHROM1 
LGCHROM3.LGCHROM3 
LG@CHROM5.LGCHROM5 
GEGOOXAA.GEGOOXAA 
GEGOOXAB.GEGOOXAB 
GEGOOXAH.GEGOOXAH 


Quick_BIOS_Tests.Controller_Type 


Quick BIOS _Tests.DDC_ Info 
Quick_BlOS_Tests.DAC_Sensing 
ABHOOHBE.ABHOOHBE 
ABH0O1HBG.ABHO1HBG 
ABHOOHBC.ABHOOHBC 
PLHOOHAC.PLHOOHAC 
LIHOOHCC.LIHOOHCC 
LIHO2ZHCA.LIHO2HCA 
DLHOOHDA.DLHOOHDA 
DLHOOHDC.DLHOOHDC 
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DLHOOHDD.DLHOOHDD 
DAHOOOHEF.DAHOOHEF 
CCLOOXDA.CCLOOXDA 
CCLO1LAA.CCLO1LAA 
CCLO1LAB.CCLO1LAB 
CCLO2LEB.CCLO2LEB 
DMLOOXFF.DMLOOXFF 
LIHO1 HIE.LIHO1HIE 
SLHOOHGA.SLHOOHGA 
DMLOOXCC.DMLOOXCC 
DMLO1XCC.DMLO1XCC 
SBHOOLDA.SBHOOLDA 
SBLOOLCA.SBLOOLCA 
9bitPattern.9bitON 
9bitPattern.9bitOFF 
QbitAllIMem.9bitON 
QbitAllMem.9bitOFF 
HW_CursorTest.HW_CursorTest 
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Manufacturing Test Groups 


The manufacturing tests listed in the previous section can be divided into eight categories. 
These tests can vary. Refer to the CL-GD546X BIOS and Utilities Release Kit for up-to-date 
information. 


2.2 


Blitter tests 

Display tests 
Memory tests 
RAMDAC tests 
Linear memory tests 
BIOS tests 

2D Tests 

3D Tests 


Blitter Tests 


In these tests the BitBLT engine renders to the screen. The resulting screen is CRC’ed for ver- 
ification. 


Table B7-3. 





Test Name 


BLTMFG.bltx102416 


Blitter Tests 


Description 


BitBLT ext testing at 1024 x 16 bpp 





BLTMFG.bltx64024 


BitBLT ext testing at 640 x 24 bpp 





BLTMFG.bltx80016 


BitBLT ext testing at 800 x 16 bpp 





HOST_1OP.HOST_1OP 
KRETCH.KRETCH 


Test host supplied data 
Stretch tests 





O2STPMPM.O2STPMPM 


2 OP OP1 monochrome OP2 monochrome pattern test 











O2STSCMP.O2STSCMP 2 OP monochrome pattern test 
O3STSCMP.O38STSCMP 3 OP monochrome pattern test 
O3STSCPM.O3STSCPM 3 OP OP1 color OP2 monochrome 





OFSTPCPM.OFSTPCPM 
OFSTSMPM.OFSTSMPM 


Color pattern 


Monochrome pattern 





OFSTSPMM.OFSTSPMM 


Color/monochrome pattern test 





ROP256.ROP256 


256 ROP test 





SIL82_5.SIL82_5 


Simple stretch test 





$SR42120.SR42120 


Complicated stretch test 





SRAMTST.SRAMTST 
SSMFG.SS_16BPP 


BitBLT SRAM tests 
Stretch test at 16 bpp 





SSMFG.SS_CLUT8 


Stretch test at 8 bpp 





SSMFG.SS_YUV42 





Stretch test at 4:2:2 
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The display tests listed in Table B7-4 produce a test pattern that is specified by the mode. The 
test patterns visually verify that the pins are correctly connected to the VGA connector. Note 
that the last two digits of each test is the mode number for that test. 








Table B7-4. Display Pattern Tests 
Test Name Description 
DisplayTest.vgacc Test screens in limited modes 
DisplayTest.cbars Color bans in packed pixel 





VidMode.Mode0x5c 


Test pattern in mode 5c 





VidMode.Mode0x5e 


Test pattern in mode 5e 





VidMode.ModeOx5f 


Test pattern in mode 5f 





VidMode.Mode0x60 
VidMode.Mode0x64 


Test pattern in mode 60 


Test pattern in mode 64 





VidMode.Mode0x65 


Test pattern in mode 65 





VidMode.Mode0x6d 


Test pattern in mode 6d 





VidMode.Mode0x71 


Test pattern in mode 71 





VidMode.Mode0x72 


Test pattern in mode 72 





VidMode.Mode0x73 
VidMode.Mode0x74 


Test pattern in mode 73 


Test pattern in mode 74 





VidMode.Mode0x75 


Test pattern in mode 75 





VidMode.Mode0x76 


Test pattern in mode 76 





VidMode.Mode0x78 


Test pattern in mode 78 





VidMode.Mode0x79 


Test pattern in mode 79 





VidMode.Mode0x7a 








Test pattern in mode 7a 
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The manufacturing tests listed in Table B7-5 verify the functionality of the display path. 
Table B7-5. Display Path Tests 


Test Name Description 


Checks the display pipeline for 6-bit DAC, 8-bit DAC, 16 bpp, 24 bpp, 


Signature Generator Test and 32 bpp with pseudo-random data and known data 
































Siggen.Mode5FR Mode 5f with random data 
Siggen.Mode64R Mode 64 with random data 
Siggen.Mode64R_15 Mode 64 with random 15-bpp data 
Siggen.Mode71R Mode 71 with random data 
Siggen.Mode76R Mode 76 with random data 
Siggen.Mode5Fw8R Mode 5f with 8-bit DAC random data 
Siggen.Mode5F Mode 5f with known data 
Siggen.Mode64 Mode 64 with known data 
Siggen.Mode64_15 Mode 64 with known 15-bpp data 
Siggen.Mode71 Mode 71 with known data 
Siggen.Mode76 Mode 76 with known data 
Siggen.Mode5Fw8 Mode 5f with 8-bit DAC and known data 


Checks the ability to set/clear the 9th bit and for the display pipeline to 


9bitPattern.9bitON switch formats based on this bit 














9bitPattern.9bitOFF Checks the ability of video window 2 
9bitAllIMem.9bitON Checks that all 9th bits can be set to ‘1’ 
9bitAlIMem.9bitOFF Checks that all 9th bits can be set to ‘0’ 
HW_CursorTest.HW_CursorTest Checks hardware cursor 
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2.4 Memory Tests 
The tests listed in Table B7-6 are VGA memory and pattern tests. 
Table B7-6. | VGA Memory Tests 
Test Name Description 
VGA Memory Tests 
Mem.obwr321 Test video memory to non-aligned boundaries (first byte) 
Mem.obwr322 Test video memory to non-aligned boundaries (second byte) 
Mem.obwr323 Test video memory to non-aligned boundaries (third byte) 
Mem.wr32 Test video memory on aligned boundaries 
Mem.obwr16 Uses reb stosb; rep scasb 
Mem.wr16 Memory test 
Mem.wr8 Non aligned memory test 
Mem.obi321 Pattern test at different boundaries dword size 
Mem.obi322 Pattern test with word size and different boundaries 
Mem.obi323 Pattern test odd boundaries with dword size 
Mem.i32 Pattern test 
Mem.obi16 Pattern test 
Mem.i16 Word pattern test 
Mem.i8 Byte pattern test 
Mem.obd321 Reverse boundary test with dword size 
Mem.obd322 Reverse boundary test with word size 
Mem.obd323 Reverse boundary test with dword size 
Mem.d32 Reverse dword pattern test 
Mem.obd16 Reverse pattern test with boundaries 
Mem.d16 Reverse word pattern test 
Mem.d8 Reverse byte pattern test 
WriteMode-wmi2eni4 Aaa a meee eta aoe for each color [7:0] using Graphics 
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Table B7-6. |. VGA Memory Tests (cont) 












































Test Name Description 

Pattern Tests 

Mem.fast8i Test as bytes forward 

Mem. fast1 6i Test as words forward 

Mem. fast32i Test as dwords forward 

Mem.fast8d Test as bytes backwards 

Mem.fast16d Test as words backwards 

Mem.fast32d Test as dwords backwards 

Mem.walk08 Walking 1s test 

Mem.walk18 Walking 1s backwards 

Mem.addtest Write address as data (Alias test) 

Pulse Use System clock 1 to get Video mode timing 

2.5 RAMDAC Tests 


The RAMDAC tests listed in Table B7-7 assume an 18-bit DAC. 
Table B7-7._ RAMDAC Tests Using an 18-Bit DAC 





























Test Name Description 
Ramdac18.Rdfast Uses rep outsb (speed check) 
Ramdac18.Rdwr Alias test 
Ramdac18.Rdi Forward tests and then check next 
Ramdac18.Rdd Backward tests and then check next 
Ramdac18.Rdc13 Comprehensive test in mode 13 
Ramdac18.Rdc5C Comprehensive test in mode 5C 
Ramdac18.Rdc5F Comprehensive test in mode 5F 
Ramdac18.Rdc60 Comprehensive test in mode 60 
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The RAMDAC tests listed in Table B7-8 assume a 24-bit DAC. 


Table B7-8. 


RAMDAC Tests Using a 24-Bit DAC 


Test Name 


Description 





Ramdac24.Rdfast 


Uses rep outsb <speed check> 





Ramdac24.Rdwr 


Alias test 





Ramdac24.Rdi 


Forward tests and then check next 





Ramdac24.Rdd 


Backward tests and then check next 





Ramdac24.Rdc13 


Ramdac24.Rdc5C 


Comprehensive test in mode 5C 


Comprehensive test in mode 13 





Ramdac24.Rdc5F 


Comprehensive test in mode 5F 








Ramdac24.Rdc60 


Comprehensive test in mode 60 














2.6 


Linear Memory Tests 


The linear memory tests are tests that can be run at various sizes, forwards, backwards, and 
through various PCI memory apertures. The four linear memory tests are as follows: 


Test 1 — Alias test and partial walking 1s test 


Test 2 — Alias test and partial walking 1s test (opposite pattern of Test 1) 


Test 3 — 28 pattern tests where each location is written with each pattern then verified 


Test 4 — Random data test 


Test 1 


Test Case 1/Wri 
<each Test case 
Read AP=1, 

LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 


Test Case 1 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 


Test Case 1 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
LinTest0O.Li 
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CECs> 


nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 





te AP 


EL 
t2 
ES 
t 4 
t5 
te AP 
t6 
t 7 
t8 
t9 
t10 
te AP 
Ed. 
t12 
t13 
t14 
ELS 





0 Read Ap=<0,1,2,3,A0000p> 





reads from different Aperture LinTestl Read AP=0, Lintest2 


1 Read Ap=<0,1,2,3,A0000p> 


2 Read Ap=<0,1,2,3,A0000p> 


B7-14 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 


Test Case 1/Write AP 


LinTesto. 
LinTest0 
LinTest0 
LinTest0 
LinTest0 


Test Case 
LinTestoO. 
LinTesto. 
LinTest0 
LinTestoO. 
LinTesto. 


Test 2 





Test Case 
LinTesto0O. 
LinTestoO. 
LinTesto. 
LinTesto. 
LinTestoO. 
Test Case 
LinTest0O 
LinTest0 
LinTest0 
LinTesto. 


LinTesto. 


Test Case 
LinTesto. 
LinTesto. 
LinTesto. 


LinTestoO. 
LinTesto. 


Test Case 
LinTest0 
LinTest0 
LinTest0O 
LinTest0 
LinTest0 


Test Case 
LinTest0O 
LinTest0 
LinTest0 
LinTest0 
LinTest0O 


Test 3 


Test Case 
LinTest0 
LinTest0 
LinTest0 
LinTest0 
LinTest0 











Test Case 
LinTesto. 





Copyright 1997 — C 


LinTest16 


.LinTest17 
.LinTest18 
.LinTest19 
.LinTest20 





1/Write AP 
LinTest21 
LinTest22 


.LinTest23 


LinTest24 
LinTest25 








2/Write AP 
LinTest26 
LinTest27 
LinTest28 
LinTest29 
LinTest30 


2/Write AP 


.-LinTest31 
.LinTest32 
.LinTest33 


LinTest34 
LinTest35 


2/Write AP 
LinTest36 
LinTest37 
LinTest38 
LinTest39 
LinTest40 


2/Write AP 





.-LinTest41 
.-LinTest42 
.-LinTest43 
.-LinTest44 
.-LinTest45 


2/Write AP 


.LinTest46 
.-LinTest47 
.LinTest48 
.-LinTest49 
.LinTest50 








3/Write AP 


.-LinTest51 
.-LinTest52 
.-LinTest53 
.-LinTest54 
.-LinTest55 


3/Write AP 
LinTest56 


irrus Logic Inc. 


3 Read 


A0000p 


O Read 


1 Read 


2 Read 


3 Read 


A0000p 


O Read 


1 Read 


APPENDIX B7 — MANUFACTURING TEST 


Ap=<0,1,2,3,A0000p> 


Read Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Read Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


B7-15 May 1997 


APPENDIX B7 — MANUFACTURING TEST 


Li 
Li 
Li 
Li 


Li 
Li 
Li 
Li 
Li 


Li 
Li 
Li 
Li 


Li 


Li 
Li 
Li 
Li 


Li 





nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 





Test 4 


Test Case 4/Wri 


Li 
Li 
Li 
Li 


Li 


Li 
Li 
Li 
Li 
Li 


Li 
Li 
Li 
Li 
Li 


Li 
Li 
Li 
Li 
Li 


Li 
Li 
Li 
Li 





Li 


May 1997 


nTes 
nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 


nTes 
nTes 
nTes 
nTes 
nTes 





tO. 
tO. 
tO. 


tO. 
tO. 
tO. 
0.5 
tO. 


tO. 
EO: 
tO. 
tO. 
tO. 


tO. 
tO. 
tO. 
EOS 
tO. 





tO. 
EOS 
tO. 
tO. 


tO. 


tO. 


tO. 
tO. 


tO. 
E:O:s 


tO. 


Test Case 


EO:, 
tO 
tO. 
tO. 
E-O:. 





EO. 


tO.1 


Test Case 4 
tO.] 
tO.] 


tQ.1 
tOQ.] 


Test Case 


tOQ.] 


0; 


Test Case 
tO.] 


tOQ.] 


Li 
Li 


Li 


Test Case 3 


Li 
Li 
Li 
Li 
Li 


Test Case 3 


Li 
Li 
Li 
Li 
Li 


Test Case 3 


Li 
Li 
Li 
Li 
Li 





Li 
Li 
Li 
Li 


Li 
Li 


4 
Li 
Li 
Li 
Li 
Li 


4 


Li 


Li 


Li 
Li 





Li 


LinTes 


nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 





nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 


/Wri 
nTes 
nTes 
nTes 
nTes 
nTes 





Eo.) 
t58 
t59 
t 60 


te AP 
tol 
t62 
t63 
t6o4 
t65 


te AP 
t66 
t6o7 
t68 
t69 
t70 


te AP 
t71 
t72 
t73 
t74 
t75 





te AP 
t76 
t 77 
t78 
t79 
t 80 


te AP 
t81 
t82 
t83 
t84 
t85 


te AP 
t86 
t87 
t88 
t89 
t90 


te AP 
BOs: 
t92 
E93 
t94 
t95 


te AP 
t96 
t97 
t98 
t99 
t100 





2 Read 


3 Read 


AO0000p 


O Read 


1 Read 


2 Read 


3 Read 


AO0000p 


CL-GD5465 Technical Reference Manual 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Read Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Ap=<0,1,2,3,A0000p> 


Read Ap=<0,1,2,3,A0000p> 


B7-16 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 


2.7 BIOS Tests 


APPENDIX B7 — MANUFACTURING TEST 


The BIOS tests listed in Table B7-9 verify that the BIOS of the CL-GD546xX is functioning cor- 


rectly. 


Table B7-9. BIOS Tests 





Test Name 


Description 





Modelnfo 


memory configuration. 


Returns all of the modes supported in the BIOS with current 





Quick_BlOS_Tests.Controller_Type 


Determines the type of Cirrus Logic controller VGA. 





Quick_BlOS_Tests.DDC_Info 


Determines the DDC capabilities of the attached monitor. 








Quick_BlOS_Tests.DAC_Sensing 





Tests the DAC’s sensing capabilities by detecting the type of 
monitor attached (color, monchrome, or none). 











2.7.1 2D Tests 


The tests listed in Table B7-10 verify the functionality of the CL-GD546X 2D graphics engine. 


Table B7-10. 2D Tests 















































Test Name Description 

Chroma20 Chroma key 24 bpp 

Chroma23 Chroma key 24 bpp 

Chroma39 Chroma key 8 bpp 

Chroma40 Chroma key 32 bpp 

Colrep16 Auto foreground and background color replication 16 bpp 

Colrep24 Auto foreground and background color replication 24 bpp 

Colrep32 Auto foreground and background color replication 32 bpp 

Colrep8 Auto foreground and background color replication 8 bpp 

Lgchrom1 5:6:5 to 5:6:5 chroma key extends greater than 128 

Lgchrom3 8:8:8 to 8:8:8 chroma key extends greater than 128 

Lgchrom5 a:8:8:8 to 8:8:8 chroma key extends greater than 128 
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2.7.2 3D Tests 
The tests listed in Table B7-11 verify the functionality of the CL-GD546X 3D graphics engine. 


Table B7-11. 3D Tests 
















































































Test Name Description 
geg0Oxaa Coprocessor indirect generic Z-buffer test 
gegO0Oxab Coprocessor generic Z-buffer test 
gegO0Oxah Coprocessor direct generic Z-buffer test 
abhOOhbe Coprocessor direct alpha blending 
abh01hbg Coprocessor direct alpha blending 
abhOOhbc Coprocessor direct alpha blending 
plhOOhac Coprocessor direct patterns 
linOOhcc Coprocessor direct lighting 
lind2hca Coprocessor direct lighting 
dih00hda Coprocessor direct dithering 
dlh00hdc Coprocessor direct dithering 
dihOOhdd Coprocessor direct dithering 
dahOOhef Coprocessor direct dashed lines 
ccl00xda Coprocessor direct color compare logic 
ccl01laa Coprocessor direct color compare logic 
dml00xcc Coprocessor direct destination mask logic 
dml01xcc Coprocessor direct destination mask logic 
sbh0Olda Coprocessor direct saturate to bounds 
sbl0Olca Coprocessor direct saturate to bounds 
ccl01lab Coprocessor color compare logic 
ccl02leb Coprocessor color compare logic 
ftwOOwf0 Texture-mapping/cache thrashing 
ftw1Owf1 Texture-mapping/interpolator tracking 
ftw20wf2 Texture-mapping/texture color compare logic 
tmg04gaa RDRAM texture-mapping 
tmg04gac RDRAM texture-mapping 
tmg07gaa RDRAM texture-mapping 
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Table B7-11. 3D Tests (cont.) 


























Test Name Description 
tmg04gab RDRAM texture-mapping 
dml0Oxff Coprocessor destination logic 
lin01 hie Coprocessor lighting 
slhOOhga Coprocessor stipple 
2.8 Manufacturing Test Updates 


MFGTST.EXE is updated regularly. As time permits, more tests are added to the manufactur- 
ing test software. These tests support new functions and features of current and future prod- 
ucts. Contact Cirrus Logic for up-to-date manufacturing test software and documentation. 
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VMI HOST INTERFACE 


1. INTRODUCTION 


The CL-GD5465 implements the VMI (video module interface) host interface. This interface 
allows a single additional peripheral device to be added to an adapter card without violating 
the ‘one load per adapter card’ PCI specification. Some of the pins used to access the BIOS 
ROM are redefined for this purpose (see Section 3). Any peripheral device that supports 8-bit 
transfers and uses either ISA- or Motorola-like protocols can be connected (see Section 4). 
Note that device-specific software is required and is not necessarily provided by Cirrus Logic. 


2. CONFIGURATION 


Two pins, RA3 and RA2, are used to configure the VMI host interface. These are standard con- 
figuration pins; a weak internal pull-up resistor (providing ‘1’) can be overridden with a pull- 
down resistor (providing ‘0’). 


For a standard VMI configuration, RA3 is connected to the VMI connector INSERT# pin by a 
6.8-kQ resistor. If no adapter card is connected, the INSERT# pin opens and the VMI host 
interface is disabled. If an adapter card is connected, the INSERT# pin is grounded and the 
VMI interface is configured for either mode A or mode B, according to whether a pull-down 
resistor is installed on RA2. This is summarized in the Table B8-1. 


Table B8-1. VMI Host Interface Configuration 


























RA[3:2] Description Controls Cycle Termination 
11 Disabled = - 
10 Disabled - - 
01 VMI Mode A R/W#, DS# DTACK# 
00 VMI Mode B WR#, RD# READY 








These two configuration bits can be read back in PCIEC (PCI Configuration register, EC) bits 


[3:2] and in GPIO Configuration register (MMIO1FEh), bits [1:0]. 
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3. PIN DEFINITIONS 


APPENDIX B8 — VMI HOST INTERFACE 


Table B8-2 shows the pins that are used for the VMI Host interface. The pin names are those 
that appear in the pin diagram in the Appendix D1, “Data Book”. 


Table B8-2. VMI Host Interface Pin Definitions 




























































Pin Number | Pin Name | VMI Mode A | VMI Mode B 
HDO 
101 RD1 HD1 HD1 
102 RD2 HD2 HD2 
103 RD3 HD3 HD3 
104 RD4 HD4 HD4 
106 RD5 HD5 HD5 
107 RD6 HD6 HD6 
109 RD7 HD7 HD7 
110 PCS# CS# CS# 
111 RAO HAO HAO 
112 RA1 HA1 HA1 
113 RA2 HA2 HA2 
114 RA3 HA3 HA3 
115 RA4 DTACK# READY 
116 RA5 R/W# WR# 
117 RA6 DS# RD# 
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4. TIMING 


The GPIO Timing Control register is used to establish default timing for bus cycles. This is a 
16-bit read/write register at MMIO offset 1FCh. This register contains four fields. Each field 
establishes default timing for one phase of the VMI host interface cycle. Each field is pro- 
grammed in terms of MCLK cycles. 


Use the timing diagram in Figure B8-1 as an aid to the timing of the VMI host interface. There 
are five timing phases. The timing of the third phase is usually set by the local peripheral; the 
others are set by this register. 


Table B8-3. GPIO Timing Control Register 

















Bits | Parameter Description Actual Clocks 
3:0 ty Address, CS* setup to COMMAND Value programmed + 1 
7:4 to COMMAND delay to RDY Value programmed + 1 
- tg RDY delay (determined by peripheral device) - 
11:8 ty RDY delay to COMMAND Value programmed + 1 
15:12 ts Address, CS* hold from COMMAND Equal to value programmed 























The HA[3:0] and CS# lines become valid. If the interface is configured for mode A, R/W# is 
valid the same time as the address. 


Following t; clock cycles, the command goes active. This is either DS# for mode A or WR# or 
RD# for mode B. Only one command is ever made active at any time. 


After to, the CL-GD546X begins to sample for cycle completion. If the VMI is configured for 
Mode A, this is a low on DTACK#. If the VMI is configured for mode B, this is a high on RDY. 
This is shown in the diagram as t3. The length of tg depends on the peripheral device. If the 
peripheral indicates it is ready when first sampled, there is a null tz. 


If the peripheral does not indicate ready within the number of cycles programmed into the Tim- 
eout[7:0] field in the GPIO configuration register (MMIO 1FEh), and Timeout_CNT_EN is ‘1’, 
the cycle is aborted. This feature is intended to avoid a PCI bus hang. If a read cycle was in 
progress, the CL-GD546X latches whatever data is on the bus. 


When the peripheral indicates it is ready (or the cycle times out), the CL-GD546X delays for ta 
and then makes the command not active. On read cycles, the data from the peripheral is sam- 
pled one clock before the end of ty. On write cycles, the data is valid with the address. After 
the command is made inactive, the CL-GD546xX delays for ts and makes HA[3:0] and CS* inac- 
tive. This completes the GPIO cycle. 
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ADDR, 
CHIP SEL 





COMMAND 








Ready 


Figure B8-1. VMI Host Interface Timing 
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5. VMI DATA REGISTER 


The VMI Data register is accessed with a group of addresses at MMIO offset 180h through 
1FFh. A write to any address in this range initiates one or more write cycles on the GPIO; a 
read to any address in this range initiates one or more read cycles from the GPIO. The least- 
significant bits of the actual address is the GPIO address. 


The number of cycles depends on the byte lanes, as shown in Table B8-4. 


Table B8-4. GPIO Accesses 









































Byte Lanes Cycles 
0000 Four 
0001 Three 
0010 Three 
0011 Two 
0100 Three 
0101 Two 
0110 Two 
0111 One 
1000 Three 
1001 Two 
1010 Two 
1011 One 
1100 Two 
1101 One 
1110 One 
1111 None 
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1. 


2.1 


2.2 


SOFTWARE SUPPORT 


INTRODUCTION 


The CL-GD5465 VisualMedia accelerator is shipped with the CL-GD546X VGA BIOS and an 
extensive set of utilities and software drivers. The following sections briefly describe some of 
the utilities and high-performance software drivers available. 


To get an up-to-date list and description of the BIOS, utilities, and software drivers supported, 
refer to the latest release of the CL-GD546X VGA BIOS and Utilities Release Kit or the 
CL-GD546X Display Drivers and Utilities Release Kit. These programs are also available on 
the Cirrus Logic BBS, ftp, and web sites. (see Appendix C2, “Cirrus Logic BBS, FTP, and 
WWW”, for further information on these support areas). 


CL-GD5465 SOFTWARE UTILITIES 


This section describes the software utilities provided with the CL-GD546X VisualMedia accel- 
erators and explains the function and usage of each. 


CLMODE — A CL-GD546X Video Mode Configuration Utility 


The CL-GD546X accelerators have many more video modes than the original IBM VGA, offer- 
ing enhanced modes up to 1600 x 1200 x 256 colors, 1280 x 1024 x 64K Direct Color, and 
1024 x 768 in 16.8 million True Color. To take advantage of these features, install a compatible 
monitor and select the proper monitor parameters. 


The CLMODE utility provides a number of graphics configuration options. All the options are 
selected from a menu or direct keyboard input at the DOS command line. The menu options 
include: 


e Monitor-type selection based on monitor vertical and horizontal sync frequencies 
e Selection and setting of CL-GD546X VGA BIOS Standard and Extended Video modes 
e Extended Video mode preview to verify high-resolution modes supported by the video subsystem 


e Selection and setting of video refresh rates for each individual video mode resolution (that is, 
640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, and 1600 x 1200) to match video refresh rates 
supported by a monitor 


The CLMODE utility is described in detail in the CL-GD546X BIOS and Utilities Release Kit. 
Note that CLMODE is included as the WINSTUB in the WINMODE utility so WINMODE can 
be used in place of CLMODE on the command line (typically in AUTOEXEC.BAT). 


RAMBIOS.COM — RAMBIOS Utility 


This RAMBIOS.COM utility version of the VGA BIOS EPROM code can be loaded into DOS 
memory. The RAMBIOS.COM utility allows the VGA BIOS to perform in a 16- or 32-bit system 
memory, instead of an 8- or 16-bit bus ROM. This permits many VGA operations that use the 
VGA BIOS to run faster in systems that do not normally shadow the VGA BIOS. The RAMBIOS 
should only be used in the event that a significant software fix is required. The RAMBIOS utility 
is described in detail in the CL-GD546X BIOS and Utilities Release Kit. 
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2.3 


2.4 


The most noticeable performance boost is in text modes where VGA BIOS character-write and 
text-scrolling functions are used. Common benchmark programs demonstrate this increase in 
performance are PC Bench™ from Ziff-Davis® Publishing Company, and QA Plus™ from Diag- 
soft®. 


However, most GUI applications only use the BIOS for mode switching. Actual performance 
increases vary between applications and in most cases are not significant. 


All modern PCs automatically cache (copy into system memory) the VGA BIOS at power-on. 
This is sometimes called ‘Shadow RAM’. In this case, the BIOS is already executing out of 16- 
or 32-bit memory and the RAMBIOS.COM utility is not necessary. 


The RAMBIOS.COM utility can be performed from the command line or from within 
AUTOEXEC.BAT. The utility installs automatically in system memory at the correct address, 
shortly after power-on or a warm-boot. 


The RAMBIOS utility only works with MS-DOS or PC-DOS, and does not work with OS/2®, 
UNIX®, or XENIX®. 


MFGTST.EXE — Manufacturing Test Utility 


The MFGTST.EXE utility provides the ability to visually and programmatically verify correct 
operation of the CL-GD546xX. Primary features include: write/read/compare tests of all video 
register groups, write/read/compare tests of all video RAM, display patterns for visual verifica- 
tion of all primary video modes, as well as a complete set of miscellaneous video tests 
designed to verify proper operation of the video device. All RAM and register tests are self- 
checking to the extent that values are read and compared to expected values. When a differ- 
ence is detected, an error message is generated. To use this utility, refer to Appendix B7, 
“Manufacturing Test”. 


REG.EXE — A Register Utility 


The REG.EXE utility is a useful tool for verifying, manipulating, and testing IBM/PC-compatible 
I/O registers, Memory-Mapped registers, and memory locations. REG.EXE is intended for 
engineering and technical developers to be used for low-level control of hardware devices in 
a PC. The versatility and compatibility with any test environment or device makes REG.EXE a 
useful and reliable tool for all developers and manufacturers in the IC industry. REG.EXE is 
available only upon request. Contact your local Cirrus Logic field application engineer for a 


copy. 


Although REG.EXE can be configured for any PC environment, it contains several features 
that are tailored to the VGA and graphics accelerator development environment: 


e Displays I/O registers and memory on standard display devices including monochrome or 
TTY/VT-100 monitors 


e Adapts to new hardware through configuration capabilities 
e Offers editing capabilities of I/O registers and memory 


e Customizes display pages, data types, and radix 
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2.5 


2.6 


OEMSI (OEM System Integration) Utility 


The OEMSI utility enables the Cirrus Logic VGA BIOS to be customized to system require- 
ments. Since OEMSI operates upon the binary (executable) image of the BIOS, source code 
is no longer necessary for customization. Several different derivative BIOS are easily gener- 
ated from the same core, which reduces maintenance problems and simplifies software-gen- 
eration control. lf OEMSI is used, do not ship the RAM BIOS since its use overrides changes. 
The OEMSI utility is described in detail in the CL-GD546X BIOS and Utilities Release Kit. 


A wide range of parameters, default values, and tables are easily modified or replaced using 
the OEMSI program. The following is a list of Cirrus Logic VGA BIOS components that can be 
modified with the OEMSI program: 


Sign-on Message. In addition to the Cirrus Logic copyright notices that are displayed when 
the system boots-up, custom copyright messages can be inserted after the copyright mes- 
sages are displayed. Also, the positioning of the cursor can be changed. 


Hardware Configuration Registers. The CL-GD546X VGA BIOS hardware configuration 
table includes register values that are programmed at POST. This allows customizing of reg- 
ister values that program video dot clocks and other programmable settings. 


Video Mode Parameter Tables. These tables contain the complete set of register values for 
each Standard and Extended Video mode. Values for both the Standard VGA registers and the 
Cirrus Logic Extension registers are contained in these tables. They can be customized to con- 
figure video refresh rates for individual video mode resolutions. 


Font Tables. All fonts used by the Cirrus Logic VGA BIOS can be modified or completely 
replaced using the OEMSI utility. A flexible scheme is implemented, whereby font tables can 
be exported from the binary image of the BIOS or imported to it. 


WINMODE Utility 


The WINMODE utility is a Windows v3.1 application that can set the resolution, vertical refresh 
rate, and number of colors of the display. WINMODE is described in detail in the CL-GD546X 
Display Drivers and Utilities Release Kit. 
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3. SOFTWARE DRIVERS 


Several high-performance text and graphics device drivers are available to enhance the oper- 
ation of the CL-GD546X graphics applications. 
3.1 Driver Applicability 


The CL-GD546X VisualMedia accelerators do not require that software drivers run applica- 
tions in Standard VGA modes. The drivers listed in Table C1-1 are provided as a service to the 
user for improved resolution and performance to many software packages. 


Quality and high-performance device drivers are an important feature of any video subsystem, 
and the Cirrus Logic list of available device drivers is continuously expanding. For the latest 
list of available device drivers, please refer to the CL-GD546X Display Drivers and Utilities Kit. 


Table C1-1. Driver Support 


Software Drivers Resolution Supported No. of Colors 


Microsoft® Windows® 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, 1600 x 1200 | 256 (8 bit) 
Microsoft® DCI Provider 











(display control interface), | 40 x 480, 800 x 600, 1024 x 768, 1280 x 1024 65,536 (16 bit) 
Microsoft® Windows® 95, oa : 
Microsoft® DirectDraw,” | 640 x 480, 800 x 600, 1024 x 768 16.8 million (24 bit) 
Microsoft® Direct3D™ 640 x 480, 800 x 600, 1024 x 768 16.8 million (32 bit) 





640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, 1600 x 1200 | 256 (8 bit) 


























640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 65,536 (16 bit) 
Microsoft® Windows NT™ 
640 x 480, 800 x 600, 1024 x 768 16.8 million (24 bit) 
640 x 480, 800 x 600, 1024 x 768 16.8 million (32 bit) 
AutoCAD®, 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, 1600 x 1200 | 256 (8 bit) 
AutoShade® with 
Renderman™, 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 65,536 (16 bit) 
3D Studio™, 
MicroStation® 640 x 480, 800 x 600, 1024 x 768 16.8 million (24 bit) 
640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 256 (8 bit) 
OS/2® v3.x, Warp 
640 x 480, 800 x 600, 1024 x 768 65,536 (16 bit) 





VPM™ 


(video port manager) Resolution-independent = 











Apple™ PowerMAC® 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 16.8 million 
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1. 


1.1 


1.2 


1.3 


CIRRUS LOGIC BBS, FTP, AND WWW 


BULLETIN BOARD SERVICE (BBS) 


Introduction 


This section discusses the Cirrus Logic Bulletin Board Service (BBS), intended primarily for 
one-way communication from Cirrus Logic to its OEMs and end users. The latest drivers are 
available to Cirrus Logic OEMs and end users. Cirrus Logic OEMs can also obtain the latest 
BIOS images, schematics, and other files over the BBS. 


Cirrus Logic maintains strict access control of the files on this bulletin board to minimize the 
possibility of distribution of pirated or virus-ridden software. Only Cirrus Logic employees have 
upload access to publicly downloadable file areas. An end user or OEM can upload files, but 
not to a publicly downloadable area. 


The software running on this board is Wildcat!™ IM, written by Mustang Software®, Inc. Cirrus 
Logic operates fifteen remote nodes and one local node to the BBS. 


Telephone Number and Communication Parameters 
The telephone number for public access to the Cirrus Logic BBS is (510) 440-9080. The com- 
munication parameters are: 
e 8 data bits 
e No parity 
e 1 stop bit 


The Cirrus Logic BBS line supports up to a 14,400 baud rate. Connections of 300 and 1200 
bps are allowed, as long as phones lines remain available for users with faster modems. 


Four lines are reserved for Cirrus and OEM use. The telephone number for these lines is 
(510) 440-0394. A user profile of OEM, Cirrus, or SYSOP is required to use these nodes. Two 
of these lines have faster modems. 


The extension for the local node is 5799. 


First-Time Log On 


Upon connection with the bulletin board, a name and password are suggested for a guest 
account. If you are merely downloading drivers, demonstration programs, or utilities, it is best 
to use the guest account. This avoids filling out the questionnaire yet allows access to most 
files. 


If schematic diagrams or BIOS files are required, or if you are planning to upload files, log on 
with your name (or company name). The system prompts a password entry and requires that 
the questionnaire be completed. When completed, the name and password chosen is added 
to the user database and access is the same as a guest log on. 
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1.4 Upgraded Access 


If you require access to BIOS image or schematic diagram files, or expects to be exchanging 
files with Cirrus Logic personnel on a regular basis, an account upgrade is necessary. Account 
upgrades are handled through your Cirrus Logic contact (usually through a sales office). Three 
to five working days are required for the request to be processed after being received at Cirrus 
Logic in Fremont, California. 


1.5 Organization of the BBS 


The Cirrus Logic BBS is organized into ‘Product’ areas and a ‘General Public Messages’ area. 
The Product areas, as of September 1996, are listed in Table C2-1. 


Table C2-1. Product Areas 





Non-specific programs, README, and so on 
Also 510/520, 5320, 5410 


— 


General Public Messages 









































4 5425 GD-TV 

5 5401/02/20 Software-wise, 5420 is related to 5401/02 
6 5422/'24/'26/'28/'29 

7 5430/34 Alpine 

8 546X Laguna 
9 547x Mondello 
10 610/620 

11 62XX 

12 634X 

13 641X 

14 642X 

15 6440 

16 754X Nordic 





17 Pixel Products 





18 Modems 
19 6710/6720 




















20 PD72XX IDE 

22 5440 Alpine with video capture 
24 5436/5446 Super Alpine 

25 5480 C-1 

26 755X Matterhorn 
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The General Public Messages area contains non-specific programs such as PKWare and 
ID_CHIP. The upload areas also reside in the General Public Messages area. The upload 
areas are readable only by Cirrus Logic employees. 


The other product areas are connected to five file areas each. These file areas are listed in 
Table C2-2. 


Table C2-2. File Areas within Product Areas 











File Area Note Download Access 
Drivers Driver disks All 
Ramanctrations ee slide viewers, and All 
Utilities CLMODE, and so on All 
BIOS BIOS images, MFGTST Integrator, OEM 
Schematics OrCAD schematic diagrams OEM 

















2. ANONYMOUS FTP SITE 


For the latest drivers, connect to the Cirrus Logic ftp server. BIOS and schematics are not on 
this site. The table of contents is a file named ‘ftp_contents’. Log on to this site at: 


ftp.cirrus.com 
Login as anonymous and download the files from the support area: 


pub/support/desktop/546x 


3. WORLD WIDE WEB ACCESS 


To use a web browser to access the above files, go to the Cirrus Logic web site at: 
http://www.cirrus.com 

and follow the links. 

Or, to directly access the ftp site, type the location: 


ftp://ftp.cirrus.com/pub/support/desktop/546x/ 
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FEATURES 


H 64-bit graphics engine with integrated 3D game 
acceleration 

— Perspective textures mapping 

— FilterJet™ fast bilinear filtering 

— Lit, copy, decal, and blend textures 

— Palettized textures (compressed textures) 

— Mono rasterization (single-pass lighting) 

— Stipple transparency 

— Rendering of points, lines, and triangles 

— 16-bit Z-buffer 

— Gouraud shading 

— Alpha blending, fog, and transparency 

— Display list processing for maximum performance 

— Texture mirroring and clamping 

— 3D-clipping support 

— Texture composition 

— Full RGB specular lighting 

High-performance 64-bit GUI accelerator 

— Hardware clipping 

— Three-operand BitBLT (bit boundary block transfer) 
— Color expansion for 8-, 16-, 24-, and 32-bpp modes 
— Stretch BitBLT 

AGP 1.0/PCI v2.1-compliant 66-MHz bus master 
— DMA maximizes system performance 

— Host-rendered/cached texture maps 

TV output 

— Digital output to support next generation of TV encoders 
Integrated VGA coniroller 


(cont.) 


High-Performance 


3D AGP Graphics Accelerator 





OVERVIEW 


The CL-GD5465 is the third generation of the 
Laguna™ family of Rambus®-based 2D/3D graphics 
accelerators. The CL-GD5465 supports Intel® AGP 
(accelerated graphics port) and Microsoft® 
Direct3D™, enabling arcade-level 3D game play on 
desktop computers. In addition to superior 3D capa- 
bilities, the CL-GD5465 also offers a high level of 2D 
performance and video quality. 


Based on TextureJet™ technology, the CL-GD5465 
offers highly efficient hardware texture-map man- 
agement. An AGP interface further enhances the 
texture management by providing high bandwidth 
between the system memory and the graphics sub- 
system. The CL-GD5465 is designed to optimize 
Microsoft Direct3D performance. This device is also 
compatible with other 3D game APIs on the market. 


The CL-GD5465 integrates a 3D engine, a 2D 
engine, a 24-bpp palette RAMDAC, clock 


(cont.) 





System 
Block Diagram 


— 
° 


CL-GD546X 
208-PIN PQFP 


PCI/AGP 








I 
TV ENCODER 


MPEG1/MPEG2 
TV TUNER 


TELECONFERENCE 
(OPTIONAL) 


t V-Port™ 
RGB/DDC 








COLORTV 
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FEATURES cont.) 


@ Video playback acceleration 

— Single-pass X, Y interpolated scaling 

— Hardware occlusion for three video windows 

— YUV-to-RGB conversion 

— Color and chroma key 

— Single overlay window 

Rambus® memory architecture 

— Concurrent and low-latency devices supported 

— Single memory for color-buffer, video, Z-buffer, and 
texture store 

— 600 Mbytes/sec. 

MPEG-2/DVD acceleration 

— DMA bursting 

— Support for planar YUV 4:2:0 frees CPU of conversion 
burden 

— Advanced hardware de-interlacing 

V-Port™ for peripheral expansion 

— MPEG-2 decoder 

— TV tuner 

— Teleconferencing 

Integrated 230-MHz palette DAC and clock 

synthesizer 

— Supports resolutions up to 1600 x 1200 at 85 Hz 

— True-color operation up to 1024 x 768 

— Hardware cursor 

Microsoft® PC 97 and NEC 98-—compliant 

architecture 
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OVERVIEW cont.) 


generators, a V-Port™ bus, and digital TV-out circuits 
in a standard 208-pin HQFP package. The RAM- 
DAC can operate at 230 MHz, allowing 1600 x 1200 
resolution at 85-Hz refresh. The 3D engine features 
single-pass rendering capability, CPU-independent 
local display list processing, CPU-independent 
multi-buffer support, and OpenGL™ support. The 2D 
engine is based on previous Laguna family mem- 
bers and offers performance and feature enhance- 
ments. 


The V-Port, GPIO, and I2C bus interfaces provide a 
glueless connection to external devices to play back 
disk-based video files (including MPEG-2) and to 
provide TV-in-a-window, closed captioned, 
Intercast™, and video conferencing. 


The CL-GD5465 is a single-channel device with 
bandwidth of 600 Mbytes per second. While main- 
taining the same pin layout, future Laguna family 
members will use two Rambus channels to increase 
the bandwidth to 1.3 Gbytes per second. 





APPLICATIONS SUPPORT 


@ Technical reference manuals and design kit — 
complete data book, electrical specifications, reg- 
ister set definitions, pin descriptions, reference 
designs, and applications information. 


BIOS and driver release kits — contains user 
guides, PDR (problem description report) forms, 
source code license agreement, and quality 
assurance procedures. 


@ PCI board evaluation kit — adapter card including 
CL-GD5465, on-board BIOS, and 2-Mbyte RDRAM 
shipped with complete design package (schemat- 
ics, Gerber® files) and software drivers. 


@ Electronic information services 
— ftp: ftp.cirrus.com 
— World Wide Web: http://(www.cirrus.com/ 
— BBS: (510) 440-9080 
— Fax-on-demand: (510) 249-4200 


D1-2 ——————————————_—— SSS SSS 


FEATURES/OVERVIEW 


LOCALIZATION 

Hm Simplified Chinese m@ Korean 
Traditional Chinese @ Norwegian 

Mm Czech @ Polish 

@ Danish @ Brazilian Portuguese 
m@ Dutch m@ Portuguese 

@ Finnish H Russian 

m@ French @ Latin American 
m@ German Spanish 

@ Hungarian M@ Spanish 

@ Italian @ Swedish 

m@ Japanese @ Thai 
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SOFTWARE DRIVERS SUPPORT 


Cirrus Logic provides an extensive and expanding range of software drivers to enhance the resolution and 
performance of many software packages. The following table lists the Cirrus Logic software drivers for the 


CL-GD5465. 


Software Drivers 


Microsoft® Windows®, 
Microsoft® DCI Provider 
(display control interface), 
Microsoft® Windows® 95, 
Microsoft® DirectDraw™, 
Microsoft® Direct3D™ 


Resolution Supported 


640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, 1600 x 1200 


i 





No. of Colors 


256 (8 bit) 


CIRRUS LOGIC 





640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 


65,536 (16 bit) 





640 x 480, 800 x 600, 1024 x 768 


16.8 million (24 bit) 





640 x 480, 800 x 600, 1024 x 768 


16.8 million (32 bit) 





Microsoft® Windows NT™ 


640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, 1600 x 1200 


256 (8 bit) 





640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 


65,536 (16 bit) 





640 x 480, 800 x 600, 1024 x 768 


16.8 million (24 bit) 





640 x 480, 800 x 600, 1024 x 768 


16.8 million (32 bit) 
































AutoCAD®, 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024, 1600 x 1200 256 (8 bit) 
AutoShade® with 
Renderman™, 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 65,536 (16 bit) 
3D Studio™, 
MicroStation® 640 x 480, 800 x 600, 1024 x 768 16.8 million (24 bit) 
640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 256 (8 bit) 
OS/2® v3.x, Warp 
640 x 480, 800 x 600, 1024 x 768 65,536 (16 bit) 
VPM™ ee 
(video port manager) Resolution-independent = 
Apple™ PowerMAC® 640 x 480, 800 x 600, 1024 x 768, 1280 x 1024 16.8 million 











BIOS SUPPORT 


@ Fully IBM® VGA-compatible BIOS 
@ VBE (VESA® BIOS Extension) v2.0 support 


m@ AGP/PCI support 


m@ DPMS (display power management signaling) 
and DDC2B support in ROM 


@ Plug-and-play support 
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UTILITIES 


Manufacturing test 


RAMBIOS utility 


Cee eT NT ee 
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Screen centering utility 
Register editor and viewer 


Video-mode configuration utility: CLMODE 
Configured OEM system integration: OEMSI 
Resolution switching utility: WINMODE 


FEATURES/OVERVIEW 


D1-3 





CL-GD5465 


Laguna™ Family VisualMedia™ Accelerator 


: 





SS" CIRRUS LOGIC 
TABLE OF CONTENTS 


1. PIN INFORMATION .............:s0eeee DiH5) 3.2.67 VPRO etre ented enctiethiciadseltiae ies D1-23 
1.1. Pin Diagram — PCI/AGP BusS.......0. eee D1-5 3.2.7 RAMDAC 000. ceeeeee eter eeeneeenaees D1-23 
T2:° SPIN SUMMARY veh chet ad ee lheheleetedti nent atedeceees D1-6 3.2.8 Video Pipeline... eeeeeeeesteeeeeeeee D1-23 
1.2.1. Host Interface Pins «00.0... erect D1-6 3.2.9 Programmable Frequency Synthesizer...D1-23 
1.2.2 ROM/VMI Interface ............ eee D1-7 = 3.2.10 CRT Controller... eceeeeeeeeeeeeeeneeees D1-23 
1.2.3 Rambus® Pins...........:cceceeeeseeeeeeeeeeeee Dee Bic 82 ad! PC PO ies acsssaaes ge toa sch ecnanceat saneeh cansatona ane D1-23 
1.2.4  Momitor Pins........0...cccecceeeceeeeeeeeeeeeeeeeeeees D1-9 8.2.12 VMI V1.4 occ cece ceeeeeeeeeeeeeteeseeeeeees D1-23 
1.2.5 TV Output PINS 0 eee D1-10 3.3 Functional Operation..............:c:ccee D1-23 
1.2.6 Boundary Scan PinS..........cccccccceseeeeeeees D1-10 3.3.1 2D Graphics Engine .............ccseececeee D1-23 
1.2.7  CIOCK PINS... cceeeeeeeeseeeeeeesstteeeeeees D1-11 3.3.2 3D Graphics... ccc ccsseeeeessteeeeeee D1-24 
1.2.8 Power and Ground PinS..............0cceee D1-11 3.3.3 Display Refresh .........0::cccccceeceesseseeeeees D1-24 
2. DETAILED PIN 3.3.4 Playback and Capture by the V-Port™....D1-24 
DESCRIPTIONS. .cccccccccocccccocccccceoeee D1-12 3.3.5 Playback by the Host Bus................:0+5 D1-24 
Bo POVAGP PINS in atiuniesmauticesutenes Bisios oO: SEC ODS Enernal Denies COMO ais 
22 ROM/VMI PINS .....ccccccccccccccecceccccecececeececcceee D1-14 3.3.7 BIOS Read ........ccccccceecececee eee eeeeeeeeeaee eens D1-24 
Di AMUSO PINS a cet oelati yan tatehiee Aids Disi6: 284 -POMOIMance NOUQS co sscesscastccisteeratsssesentine D1-24 
ad: . -Rambus@ Channel A. steckeseeen sees D1-16 3.5 Compatibility .. fut iea ieee hea Soaes ict biyucaest amantesiac’ D1-25 
Bo /Rambuee Channel Bedcuieecesoacl cece D1-17 3.6 Board Testability... cece cece eeeeeteees D1-25 
DA IMGAIGE PINS oes tec cater dca tated vavitetntet idl D1-18 4 CONFIGURATION TABLEG............ D1-26 
2.5 TV Output PINS 00.2... eeeeeeteeeeeeteeeeeeees D1-18 4.1 Video Modes ........ eee eeeeeeeeeeeeeeeeeeeeeeeees D1-26 
2.6 Boundary Scan Pins ...........:::cceeceeseeeeerees D1-19 4.2 Power-Up Configuration..........cceeeee D1-30 

2:0 Clock: PINS: icicle anaes D1-19 
2.8 Power and Ground Pins............c:ccceeeeeees D1-19 z cpa a VO MAP ..sssresereer Diss 
3, FUNCTIONAL DESCRIPTION... D121 SPECIFICATIONS vn D1. 
32) Functional BIOCKS Sci: staan ieecut teens Bytes «ei ADS Ne ITT ERMA Seep Des 
3.2.1 Host Interface .asccccssssssssssssseseessssseeeeee Bi05;- 2) Re SheciicnlOls ava acrrtte 3? 
3.2.2 2D Graphics ENGING oceecccccccceececeeeee D1-22 6.3 DAC Characteristics ihivdawlnkieec eens D1-36 
. 6.4 List Of TIMINGS... eee eeeeeenteeeeeeeeaee D1-37 

3.2.3 3D Graphics Engine... D1-22 
3.2.4 Memory Controller (Rambus®)............... Di-22 PACKAGE SPECIFICATIONG........ D1-47 
32.5: NGA Core nities adelaide D1-22 8. ORDERING INFORMATION .......... D1-48 


TABLE OF CONTENTS PRELIMINARY DATA BOOK v2.0 


CL-GD5465 


Laguna™ Family VisualMedia™ Accelerator 


1. 


PIN INFORMATION 


i 








—= 


CIRRUS LOGIC 


The CL-GD5465 is available in a 208-pin high-performance quad-flat pack device for the PCI/AGP bus 


























interface. 
1.1 Pin Diagram — PCI/AGP Bus 
eS 
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PGND ~=—»> RD4 
PVDD ~=—» RD3 
RSET ——> ~=—» AD? 
REF ——> <> ADI 
AGND1 ~<—» RDO 
AVDD1 ~<«— CCTL 
RED ———_ —~=<—> RAD8 
GREEN ~<—— ——— RAGND7 
BLUE ~<—— ~<—» RAD7 
AVDD2 ——— RAGND6 
AGND2 ——» RAE 
RBCTEO <——— — RAVDD3 
RBCTE1 <——_. ee “RADE 
RBCGND — RAGND5 
RBDO <—> ~«—s» RAD5 
RBGND1 —— RAAVDD 
RBD1 <—> —» RARCLK 
SOUT <—> ——— RAAGND 
RBD2 << ~<—— RATCLK 
RBGND2 —— RAVDD2 
RBD3 —<—» ——— RAVREF 
oe CL-GD5465 =e, 
RBC —<—_» RAD4 
RBGND3 3 — RAGND3 
RBD4 <> 208-Pin HQFP SAC 
RBGND4 — RAVDD1 
RBVREF PCI/AGP Bus =<—» RAD3 
RBVDD2 ——— RAGND2 
RBTCLK ——» ——> _RAD2 
RBAGND ~—~> _ ROMCS# 
RBRCLK «—_—— —~=—~> RAD! 
RBVDD ——— RAGND1 
RBD5 <> ~<—» RADO 
RBGND5 — XVDD 
RBD6 <—» ——> RACTE1 
RBVDD3 —— RACTEO 
RBE —<—— —— RACGND 
RBGND6 —> XTAL1 
RBD7 <—> ~<— XTALO 
RBGND7 — XGND 
RBD8 <—» ~<—» ADO 
VDD5 ~=—> AD! 
GND9 ~=—», AD2 
INTA# <——. ~=—» AD3 
RST# ——> ~=<—y, ADs 
CLK ——» ~<—»> AD5 
REQ# <——_ — vpDbDe 
GNT# —>» ~=<— > AD6 
GND10 ~<—» AD7 
STO# ——» —— GND4 
ST14# ——» ~<—» CBEO# 
VDDQ5 ~=—» ADSTBO 
eaarnon oot EN Ot Vet eIgaNRSaRNARSHIBSSSHSSSSIS IVES ISSEY 
TER OTE ETE ET EEE 
NU tee cite FLO RAONAANAANMSONQGNAGAT Er NUS YsOtaGar arr rT Tog 
OP BBBO EHO BDG TERE ELAHNSGCIR SAAT EM SPOOR HOO Meee eggtt 
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1.2 Pin Summary 


The following tables list each CL-GD5465 pin by name, functional pin type, and number(s). Functional pin 
types are abbreviated as follows: 


Type Abbreviation Type Abbreviation 
































































































































Input | Ground GND 
Output O Open collector OC 
a Indicates ascending pin 
Input/output VO auirabere 
, Indicates descending 
Tristate output TS pin numbers 
Power PWR # Indicates active-low 
1.2.1 Host Interface Pins 
Table 1-1. Host Interface — PCI Bus 
Name Type Pull-up | loy (MA) | Io. (MA) | Load (pF) Pin Number(s) 
RST# I - - - - 201 
CLK I - - - - 202 
GNT# I - - - - 204 
PAR O - -2 8 50 43 
REQ# O - - - - 203 
INTA# TS - -2 8 50 200 
FRAME# /O - -2 8 50 35 
IRDY# /O - -2 8 50 36 
TRDY# /O - -2 8 50 38 
DEVSEL# /O - -2 8 50 40 
STOP# /O - -2 8 50 41 
; 13-14, 16-21, 24, 26-27, 29-33, 
AD[31:0] fe) - -2 8 50 45-52, 56-57, 59-64 
CBE[3:0]# /O - -2 8 50 23, 34, 44, 54 
ADSTB1 (IDSEL) /O - -2 8 50 22 
ADSTBO /O - -2 8 50 53 
LOCK# O - -2 8 50 37 
ST[2:0]# | - - - - 1, 207, 206 
RBF# O - -2 8 50 2 
SBA|7:0] O - -2 8 50 3-6, 8-11 
PIPE# /O - -2 8 50 7 
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1.2.2 ROM/VMI Interface 


These pins are used for the BIOS ROM interface, as a connection to a VMI v1.4 peripheral, or as the inter- 
face to the VGA feature connector. 


Table 1-2. ROM/VMI Interface 
























































fom om connectée oul Type a4 lon | lor | Load (pF) slimes) 
EVIDEO# | VACTIVE EVIDEO# = | Le ed ed a 138 
ESYNC# | - ESYNC# S 0 2 -4 | 8 50 136 
EDCLK# | VREF EDCLK# : | fee er eel = 135 
SCL2 I2CCLK = z V0 pe a a er s 133 
DCLK PIXCLK DCLK 2 0 50 132 
BLANK# | HREF BLANK# 2 V0 z Pair: 50 131 
HSYNCa@ | — HSYNC = 0 2 Ai 50 130 
vSYNC | - VSYNC 2 0 eB -4 | 8 50 129 
RA15 I2CDAT zs a 0 50 128 
RAI4 VIDO PO T24 V0 = =A || 28 50 127 
RA13 vID1 Pt T25 0 a -4 | 8 50 125 
RA12 vID2 p2 T26 0 s 4] 8 50 124 
RA11 VID3 P3 T27 0 = -4 | 8 50 123 
RA10 VID4 P4 T28 0 z 4] 8 50 122 
RAQ VIDS P5 T29 0 Li -4 | 8 50 120 
RA8 VID6 P6 T30 0 Z -4 | 8 50 119 
RA7 VID7 P7 T31 V0 2 -4 | 8 50 118 
RAG DS# or RD# = T8 V0 = -4 | 8 50 117 
RAS R/W# or WR# Z T9 V0 7 -4 | 8 50 116 
RA4 Soha 2 T10 VO all 50 115 
RA3 HA3 z T11 V0 es 4] 8 50 114 
RA2 HA2 7 T12 V0 2 4 | 8 50 113 
RAI HAI = T13 V0 e Pai 50 112 
RAO HAO e T14 0 = 4| 8 50 111 
PCS# CS# 2 T15 V0 Z 4 | 8 50 110 
RD7 HD7 a 17 V0 = aa le 50 109 
RD6 HD6 ie T6 0 = 4 | 8 50 107 
RD5 HD5 zs T5 V0 a 4 | 8 50 106 
MYL [| -7 
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Table 1-2. _ROM/VMI Interface (cont.) 

















ROM VMI Aalcem oii Type Load (pF) signees) 
RD4 HD4 - T4 /O 50 104 
RD3 HD3 - T3 VO 50 103 
RD2 HD2 - T2 /O 50 102 
RD1 HD1 - T71 VO 50 101 
RDO HDO = TO VO 50 100 
ROMCS# | — - - vo “0 e 






































a HSYNC and VSYNC are also listed in Table 1-5. 


1.2.3 Rambus® Pins 


The CL-GD5465 has only one Rambus Channel — Rambus Channel A. Rambus Channel B pins are 
reserved for future Laguna family members, and are not implemented on the CL-GD5465. The Rambus 
Channel pins, including SOUT, are not 5-V tolerant. See Section 6.2 on page 35 for restrictions. 


Table 1-3. Rambus® Channel A Pins 












































Name Type Pin Number(s) 
RAD[8:0] VO 98, 96, 92, 90, 82, 78, 76, 74, 72 
RARCLK O 88 

RATCLK I 86 

RACTE1 O 70 

RACTEO O 69 

RAC V0 80 

RAE O 94 

RAVREF I 84 

CCTL | 99 
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Rambus Channel B pins are not implemented on the CL-GD5465 (except SOUT, pin 174), but are 
reserved for future Laguna family members. 


Table 1-4. Rambus® Channel B Pins 


























Name Type Pin Number(s) 

RBD[8:0] VO 197, 195, 191, 189, 181, 177, 175, 173, 171 
RBRCLK O 187 

RBTCLK I 185 

RBCTE1 O 169 

RBCTEO O 168 

RBC VO 179 

RBE O 193 

RBVREF I 183 

SOUT VO 174 (not 5-V tolerant, see Section 6.2) 




















1.2.4 Monitor Pins 


The following pins connect to the DB15 monitor connector. The two control pins for the DACs are included. 


Table 1-5. Monitor Pins 
































Name Type Pull-up? | Ioy (mA) Load (pF) Pin Number(s) 
RED O = 163 
GREEN O - Analog output 164 
BLUE O = 165 
RSET | 7 7 - 7 159 
IREF I = = = = 160 
HSYNC2 0 250K -4 8 50 130 
VSYNC /O0 250K -4 8 50 129 
SDA /O 7 = 8 50 144 
SCL /O 7 - 8 50 143 
































a HSYNC and VSYNC are also listed in Table 1-2. 
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1.2.5 TV Output Pins 


These pins interface to the CL-GD1052/GD1053 TV encoder. A strapping option allows EV[7:0] to be 
redefined as P[7:0]. This option precludes their use as TV outputs. 


Table 1-6. TV Output Pins 


























Name aan eeeck Type | Pull-up? | Io4(mA) | Io, (mA) | Load (pF) Nafnberts 
EVCLK & 2 O a -4 8 50 145 
EV7 P7 T23 VO - -4 8 50 146 
EV6 P6 T22 VO - —4 8 50 147 
EV5 P5 T21 //O - -4 8 50 148 
EV4 P4 T20 /O - —4 8 50 150 
EV3 P3 T19 VO - -4 8 50 151 
EV2 P2 T18 //O - -4 8 50 153 
EV1 P1 T17 VO - -4 8 50 154 
EVO Po T16 V0 - -4 8 50 155 
EVSYNC = 2 l 7 7 a = 156 






































1.2.6 Boundary Scan Pins 


The boundary scan (IEEE 1149.1) is not implemented on the CL-GD5465. These pins should be ‘no con- 
nects’. 


Table 1-7. Boundary Scan Pins 









































Name Type | Pull-up | Io (mA) | Io, (mA) re Pin Number(s) 
TDI | - - - - 139 
TS | = = = 2 140 
TCLK | - - - - 141 
TDO Oo - -4 8 50 142 
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Table 1-8. Clock Pins 
Name Type | Pull-up | Io4(mA) | Io, (mA) ic Pin Number(s) 
XTALO (RCLK) | = a a = 66 
XTAL1 O - - - - 67 





























1.2.8 Power and Ground Pins 










































































Table 1-9. Power and Ground Pins 
Name Type Pin Number(s) 
VDD[6:1] Digital power (core logic) 198, 152, 137, 126, 108, 58 
VDDQ§5, 3:1] Digital power (AGP I/O) 208, 42, 28, 15 
RAVDDJ[3:1] Digital power (Rambus Channel A interface cell) 93, 85, 79 
RAAVDD Analog power (Rambus Channel A interface cell) 89 
RBVDD{[3:1] Digital power (Rambus Channel B interface cell) 192, 184, 178 
RBAVDD Analog power (Rambus Channel B interface cell) 188 
XVDD Power (Reference oscillator and Rambus PLL) 71 
PVDD Power (VCLK PLL) 158 
AVDD[2:1] Power (DACs) 166, 162 
GND[10:1] Digital ground (core logic and I/O) 205, 199, 149, 134, 121, 105, 55, 39, 25, 12 
RAGND[7:1] Digital ground (Rambus Channel A interface cell) 97, 95, 91, 83, 81, 77, 73 
RAAGND Analog ground (Rambus Channel A interface cell) 87 
RACGND Ground (Rambus Channel A ClockToEnd drivers) 68 
RBGNDJ[7:1] Digital ground (Rambus Channel B interface cell) 196, 194, 190, 182, 180, 176, 172 
RBAGND Analog ground (Rambus Channel B interface cell) 186 
RBCGND Ground (Rambus Channel B ClockToEnd drivers) 170 
XGND Ground (Reference oscillator and Rambus PLL) 65 
PGND Ground (VCLK PLL) 157 
AGND[2:1] Ground (DACs) 167, 161 
Mg —EEE—_z—z{_{__{_—=——_—_—_—_—_—_—_—_—_—_——————— |) | | | 
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2. DETAILED PIN DESCRIPTIONS 


The following tables provide a detailed description of each CL-GD5465 pin by name and functional type. 
Functional pin types are abbreviated as follows: 


















































Type Abbreviation Type Abbreviation 
Input I Ground GND 
Output O Open collector OC 
os Indicates ascending pin 
Input/output VO nuRmbere 
: Indicates descending 
Tristate output TS pin numbers 
Power PWR # Indicates active-low 
2.1 PCI/AGP Pins 
Table 2-1. Host Interface — PCI/AGP Bus 
Name Type | Description 
RST# I System Reset #: This active-low input initializes the CL-GD5465 to a known state. Configuration 


bits are loaded on the rising (trailing) edge of this signal. The Subsystem ID registers are loaded 
from the BIOS ROM after the trailing edge of this signal. 





CLK I PCI Bus Clock: This is the bus timing reference for the CL-GD5465. All synchronous PCI bus 
activity is referenced to the rising edge of this clock. 





GNT# I Bus Grant #: This active-low input indicates the arbiter has determined that the CL-GD5465 can 
become master of the PCI bus. 





PAR TS Parity: This pin provides even parity across AD[31:0] and CBE[3:0]#. The CL-GD5465 asserts 
correct parity when it drives the bus. The CL-GD5465 does not check parity. Correct parity is 
asserted by the CL-GD5465 (as a target) in the data phase of reads. When the CL-GD5465 is a 
bus master, it provides correct parity in the address phase and for writes in the data phase. 











LOCK# O LOCK #: This pin indicates an atomic operation that may require multiple transactions to com- 
plete. 

REQ# O Bus Request #: This active-low output requests mastership of the PCI bus. 

INTA# TS Interrupt Request #: This active-low output indicates that the CL-GD5465 has an interrupt pend- 


ing. See register CR11 for a description of the controls for this pin. This pin is functionally an 
open-drain output driver. INTA# can be tied directly to ground if interrupts are not required. In this 
case, the CL-GD5465 does not claim an interrupt. 





FRAME# VO Cycle Frame #: This pin is driven by the current master to indicate the beginning and duration of 
an access. When the CL-GD5465 is a bus master, this output is a sustained tristate as defined in 
the PCI specification. FRAME# is asserted to indicate the beginning of a bus transaction. While 
FRAME is asserted, data transfers continue. The transaction is in its final data phase when 
FRAME is deasserted. 





IRDY# VO Initiator Ready #: This pin indicates the initiating agent’s ability to complete the current data 
phase. When the CL-GD5465 is a bus master, this output is a sustained tristate as defined in the 
PCI specification. A data phase is completed on any clock cycles that IRDY# and TRDY# are both 
asserted. 
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Host Interface — PCI/AGP Bus (cont.) 





Name 


Type 


Description 





TRDY# 


DEVSEL# 


/O 


V/O 


Target Ready #: This pin indicates the target agent's ability to complete the current data phase. 
This output is a sustained tristate as defined in the PCI specification. This pin is an input for pal- 
ette snooping when the CL-GD5465 is a target. When the CL-GD5465 is a bus master, this pin is 
an input. 


Device Select #: This output is driven active-low when the CL-GD5465 has decoded its address 
as the target of the current access. This output is a sustained tristate as defined in the PCI speci- 
fication. This pin is an input for palette snooping when the CL-GD5465 is a target. When the 
CL-GD5465 is a bus master, this pin is an input. 





STOP# 


V/O 


Stop #: This active-low output indicates a request to the bus master to stop the current transac- 
tion. This output is a sustained tristate as defined in the PCI specification. This pin is an input for 
palette snooping when the CL-GD5465 is a target. When the CL-GD5465 is a bus master, this pin 
is an input. 





AD[31:0] 


V/O 


Address/Data: These multiplexed and bidirectional pins are used to transfer system address and 
data during any memory or I/O operation. During the first clock of a transaction, these pins con- 
tain a 32-bit physical byte address. During subsequent clocks, they contain data. 





CBE[3:0]# 


ADSTB1 
(IDSEL) 





/O 








Command/Byte Enable #: These multiplexed pins are used to transfer the bus command and 
the byte enables. During the address phase of the operation, CBE[3:0]# define the bus command 
(refer to Table 2-2). The CL-GD5465 responds as a target to the values listed in the following 
table. When the CL-GD5465 is a bus master, it generates memory read and memory write com- 
mands. During the data phase(s), these pins are used as byte enables. 


Table 2-2. Commands 





CBE[3:0]# Command Type 


02h I/O read 





03h 1/O write 





O6h Memory read 





07h Memory write 





Ah Configuration read 





Bh Configuration write 

















AD Sirobe/Initialization Device Select: The definition of this pin depends on the host bus con- 
figuration strapping (RA[6:4)). 

In PCI modes, this input is a chip select in place of the upper 24 address bits during configuration 
read and write cycles. 

In 133-MHz AGP modes, this input strobes data on AD[31:16] and CBE[3:2]#. This pin is not 
used in 66-MHz AGP mode. 
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Table 2-1. Host Interface — PCI/AGP Bus (cont.) 





Name Type | Description 
ADSTBO VO AD Strobe: The definition of this pin depends on the host bus configuration strapping (RA[6:4]). 
(M66EN) In 133-MHz AGP mode, this input strobes data on pins AD[15:0] and CBE[1:0]#. This pin is not 


used for 66-MHz AGP mode. 

In 66-MHz PCI mode, this pin is an input. If this pin is ‘1’ at the trailing edge of RESET, the system 
runs at 66 MHz and the CL-GD5465 selects the medium DEVSEL speed. If this pin is ‘0’ at the 
trailing edge of RESET, the system is going to run at 33 MHz and the CL-GD5465 selects the fast 
DEVSEL speed. 

In 33-MHz PCI mode, this pin is an output and is driven low (even during RESET). This indicates 
to the PCI bus that this PCI device is not capable of 66-MHz operation; the fast DEVSEL speed is 
selected. 


ST[2:0]# I Status #: In AGP mode, this bus provides information from the arbiter to a master on what the 
master can do. This bus has meaning to the master when its GNT# is asserted and must be oth- 
erwise ignored. 











RBF# O Read Buffer Full #: When this output is low, it indicates that the CL-GD5465 is ready to receive 
previously requested low-priority read data. This pin is not used in PCI mode. 

SBA[7:0] O Sideband Address: This pin is not used in AGP pipelined addressing or PCI modes. 

PIPE# VO Pipelined Request #: The definition of this pin depends on the host bus configuration strapping 

(SBSTB) (RA[6:4)). 


PIPE# is asserted with FRAME# for the PCI master cycles in AGP Stealth mode. This pin is not 
used in PCI modes. 




















2.2 ROM/VMI Pins 
Table 2-3. ROM/VMI Pins 





Name Type Description 
EVIDEO# I Enable Video #: If the CL-GD5465 is not configured for VMI, this pin controls the buffers on 
(VACTIVE) the feature connector pixel bus (either RA[14:7] or EV[7:0]). If the CL-GD5465 is configured 


for VMI, this input is VACTIVE. VACTIVE indicates that valid pixel data is being transmitted 
on the VID bus. 


ESYNC# /0 Enable Sync and Blank #: If the CL-GD5465 is not configured for VMI, this pin controls the 
buffers of the feature connector HSYNC, VSYNC, and BLANK# pins. If the CL-GD5465 is 
configured for VMI, this pin is a general-purpose I/O. 





























EDCLK# | Enable Dot Clock #: If the CL-GD5465 is not configured for VMI, this input is used to the 

(VREF) control the buffer on DCLK. If the CL-GD5465 is configured for VMI, this is the VREF input. 

DCLK VO Dot Clock: If the CL-GD5465 is not configured for VMI, this is the feature connector DCLK 

(PIXCLK) pin. The buffer is controlled by EDCLK#. If the CL-GD5465 is configured for VMI, this is the 
PIXCLK input. 

BLANK# VO BLANK #: If the CL-GD5465 is not configured for VMI, this is the feature connector BLANK# 

(HREF) \/O. The buffer is controlled with ESYNC#. If the CL-GD5465 is configured for VMI, this is the 
HREF input. 

HSYNC2 VO Horizontal Sync: This output supplies the horizontal synchronization signal to the monitor. 
The polarity of this output is programmable. This pin is put into high-impedance when 
ESYNC# is low. 
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Table 2-3. .ROM/VMI Pins (cont.) 








Name Type Description 

VSYNC VO Vertical Sync: This output supplies the vertical synchronization signal to the monitor. The 
polarity of this output is programmable. This pin is put into high-impedance when ESYNC# is 
low. 

RA15 VO ROM Address 15: This pin supplies address bit 15 if the CL-GD5465 is configured for a 64K 


BIOS. This pin is also the data pin for the second I2C interface. If a pull-down resistor is 
installed on RA15, the CL-GD5465 is configured for a 32K BIOS and this pin is only used for 
the second IC interface. 





RA[14:7] VO ROM Address [14:7]: These pins supply address bits 14 through 7. If the CL-GD5465 is 
configured for VMI mode, these pins are also the video input bus (VID[O-—7]). If no pull-down 
resistor is installed on RA1, these pins are also used for the feature connector pixel bus 
(P[0-7]). If the CL-GD5465 is in Test mode, these pins are used for T[24—31]. 





RA6 VO ROM Address 6: This pin supplies address bit 6. If the CL-GD5465 is configured for VMI 
mode, this pin supplies DS# or RD#, according to the VMI mode. If the CL-GD5465 is in Test 
mode, this pin is used for T8. 





RA5 VO ROM Address 5: This pin supplies address bit 5. If the CL-GD5465 is configured for VMI 
mode, this pin supplies R/W# or WR#, according to the VMI mode. If the CL-GD5465 is in 
Test mode, this pin is used for T9. 





RA4 0 ROM Address 4: This pin supplies address bit 4. If the CL-GD5465 is configured for VMI 
mode, this pin is used for DIACK# or READY, according to the VMI mode. If the CL-GD5465 
is in Test mode, this pin is used for T10. 





RA[3:0] VO ROM Address [3:0]: These pins supply address bits 13 through 0. If the CL-GD5465 is con- 
figured for VMI mode, these pins also supply the host address (HA[3:0]). If the CL-GD5465 
is in Test mode, these pins are used for T[11—14]. 





PCS# V/O VMI Peripheral Chip Select #: If the CL-GD5465 is configured for VMI mode, this pin sup- 
plies the chip select. If the CL-GD5465 is in Test mode, this pin is used for T15. 





RD[7:0] VO ROM Data [7:0]: These pins are the ROM data bus. If the CL-GD5465 is configured for VMI 
mode, these pins are the host data bus (HD[7:0]). If the CL-GD5465 is in Test mode, these 
pins are used for T[7:0]. 


ROMCS# VO ROM Chip Select #: This pin enables the ROM data onto the RD bus. If this pin is tied to low 
(it may be tied directly to ground) at RESET, the ROM is disabled. 





SCL2 VO Serial Data Clock 2: This pin is used with RA15 to mechanize the second IC port. This is 
the clock pin; RA15 is the data pin. 




















a HSYNC and VSYNC are also listed in Table 2-6. 
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2.3 Rambus® Pins 


The CL-GD5465 has one Rambus channel — Rambus Channel A. The pins for a Rambus Channel B are 
allocated, but not used on the CL-GD5465. 


The Rambus channels must be designed properly for acceptable results. The trace routing, width, and 
spacing are all very important. Refer to Appendix B1, “Layout Guidelines” for Rambus channel design 
information. 


2.3.1 Rambus® Channel A 


Table 2-4. Rambus® Channel A Pins 





Description 









RAD[8:0] Rambus A Data [8:0]: This is the bidirectional data bus for Rambus Channel A. These are low- 


swing signals as defined in the Rambus electrical specifications. 








RARCLK Rambus A Receive Clock: Data to the RDRAMs (request and write data packets) are aligned 


to this clock. This clock is used by the RDRAM to sample data it receives from the CL-GD5465. 





RATCLK Rambus A Transmit Clock: Data from the RDRAMs (read data and acknowledge packets) are 
aligned to this clock. This clock is transmitted by the RDRAM along with the data and used by 


the CL-GD5465 to sample the data from the RDRAM. 





RACTE1 Rambus A ClockToEnd 1: This pin is driven by the CL-GD5465 to the end of the memory 


expansion module. 





RACTEO Rambus A ClockToEnd 0: This pin is driven by the CL-GD5465 to the end of the main Rambus 


channel. 





RAC Rambus A Conirol: This bidirectional pin is used to frame packets, transmit part of the Rambus 
operation code, and terminate transactions prematurely on Rambus Channel A. This is a low- 


swing signal as defined in the Rambus electrical specifications. 





RAE Rambus A Enable: This output resets or enables the RDRAMs for Rambus Channel A. This is a 


low-swing signal as defined in the Rambus electrical specifications. 





RAVREF Rambus A Voltage Reference: This is the logic threshold voltage for low-swing signals for Ram- 


bus Channel A. 





CCTL Rambus Current Control Program: This pin is used for the calibration of the RAC output cur- 
rent drivers for both channels. A resistor approximately the value of 1/2 RyeRy must be con- 


nected between this pin and Vterm.- 
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2.3.2 Rambus® Channel B 


The Rambus Channel B pins are not implemented on the CL-GD5465 and are not internally connected 
to the pins (except SOUT, pin 174), but are reserved for future Laguna family members. 


Table 2-5. Rambus® Channel B Pins 





Name Type Description 

RBD[8:0] /0 Rambus B Data [8:0]: This is the bidirectional data bus for Rambus Channel B. These are 
low-swing signals as defined in the Rambus electrical specifications. 

RBRCLK O Rambus B Receive Clock: Data to the RDRAMs (request and write data packets) are 
aligned to this clock. This clock is used by the RDRAM to sample data it receives from the 
CL-GD5465. 

RBTCLK I Rambus B Transmit Clock: Data from the RDRAMs (read data and acknowledge packets) 


are aligned to this clock. This clock is transmitted by the RDRAM along with the data and 
used by the CL-GD5465 to sample the data from the RDRAM. 


RBCTE1 O Rambus B ClockToEnd 1: This pin is driven by the CL-GD5465 to the end of the memory 
expansion module. 





RBCTEO O Rambus B ClockToEnd 0: This pin is driven by the CL-GD5465 to the end of the main 
Rambus channel. 





RBC VO Rambus B Control: This bidirectional pin is used to frame packets, transmit part of the 
Rambus operation code, and terminate transactions prematurely and Rambus Channel B. 
This is a low-swing signal as defined in the Rambus electrical specifications. 





RBE O Rambus B Enable: This output is used to reset or enable the RDRAMs for Rambus Chan- 
nel B. This is a low-swing signal as defined in the Rambus electrical specifications. 


RBVREF | Rambus B Voltage Reference: This is the logic threshold voltage for low-swing signals for 
Rambus Channel B. 





SOUT O Rambus Serial Output: This output initializes the RDRAMs in both Rambus channels. It is 
used in performing refresh when the RDRAMSs are in Power Down mode (this feature is not 
implemented in the CL-GD5465). 

This pin is not 5-V tolerant, see Section 6.2 for additional information. 
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2.4 Monitor Pins 
Table 2-6. Monitor Pins 





Name Type Description 


RED O Analog Red Video: This analog output supplies current corresponding to the red value of 
the pixel being sent to the monitor. Each DAC output is typically terminated to monitor 
ground with a 75-Q, 2-percent resistor. This resistor, in parallel with the 75-Q resistor in the 
monitor, yields a 37.5-Q impedance to ground. 


GREEN O Analog Green Video: This analog output supplies current corresponding to the green value 
of the pixel being sent to the monitor. See the description of RED for information regarding 
the termination of this pin. 





BLUE O Analog Blue Video: This analog output supplies current corresponding to the blue value of 
the pixel being sent to the monitor. See the description of RED for information regarding the 
termination of this pin. 


RSET | DAC Current Set: A resistor from this pin to DACVSS sets the full-scale current output of 
the DACs. The value of this resistor is typically 135 Q. The following equation is derived in 
Appendix B5, “Signature Generator’. 

















_ 2.52 Ve Load Bates 
RSET = VFullScale Equation 2-1 

IREF | DAC Current Reference: This pin is connected to a 0.1-uF capacitor that is returned to 
AVDD. This capacitor stabilizes the internal DAC current reference. 

HSYNC /O Horizontal Sync: This output supplies the horizontal synchronization signal to the monitor. 
The polarity of this output is programmable. This pin is put into high-impedance when 
ESYNC# is low. 

VSYNC /O Vertical Sync: This output supplies the vertical synchronization signal to the monitor. The 
polarity of this output is programmable. This pin is put into high-impedance when ESYNG# is 
low. 

SCL /O Serial Clock: This is the clock pin of the first 12C port. 

SDA /O Serial Data: This is the data pin of the first I2C port. 




















2.5 TV Output Pins 
Table 2-7. TV Output Pins 








Name Type Description 
EVCLK O Encoder Video Clock: This output clocks the encoder video. This is a 2x clock. 
EV[7:0] VO Encoder Video: This bus supplies the video to the TV encoder. If a pull-down resistor is 


installed on RA1, these pins are redefined as the feature connector pixel bus. In this case, 
the CL-GD5465 cannot supply encoder video. 

















EVSYNC I Encoder Vertical Sync: This pin is the vertical sync from the TV encoder. 
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2.6 Boundary Scan Pins 











Table 2-8. Boundary Scan Pins 
Name Type Description 
Test Data In: This active-low input puts all pins into high-impedance without resetting the 
TDI | devi 
evice. 
TMS | Test Master Control: This active-low input enables Pin Scan mode. 
TCLK | Test Clock: This is the IEEE 1149.1 test clock input. 
TDO O Test Data Out: This is the IEEE 1149.1 test data output. 




















2.7 Clock Pins 





Table 2-9. Clock Pins 
Name Type Description 
XTALO | Reference Crystal Pin 0: This pin can be tied to one side of the 14.31818-MHz crystal if 
(RCLk) the on-chip oscillator is used. If an external reference is used, it is injected on this pin. 
XTAL1 O Reference Crystal Pin 1: This pin can be tied to one side of the 14.31818-MHz crystal if 
the on-chip oscillator is used. If an external reference is used, this pin must be a no-con- 
nect. 




















2.8 Power and Ground Pins 


Table 2-10. Power and Ground Pins 





Name 


VDD{6:1] 


Type Description 


PWR Digital Power [6:1]: These six pins supply power to the digital core and I/O 
logic. Each pin must be connected to the 3.3-V power plane and bypassed to 
GND with a 0.1-uF capacitor placed as close to the pin as possible. 





VDDQI5, 3:1] 


PWR Digital AGP Power [5, 3:1]: The AGP specification specifies that these pins 
must be isolated from the logic power supply on the board and the chip. Each 
pin must be connected to the isolated 3.3-V power plane and bypassed to 


GND with a 0.1-uF capacitor placed as close to the pin as possible. 





RAVDDJ3:1] 


PWR Rambus A Digital Power [3:1]: These three pins supply power for the Ram- 


bus Channel A digital logic. Each pin must be bypassed to RAGND. 





RAAVDD 


PWR Rambus A Analog Power: This pin supplies analog power to Rambus Chan- 
nel A. This pin must be bypassed to RAAGND with a 10-uF capacitor in paral- 


lel with a 0.1-wWF capacitor. 





RBVDDJ3:1] 


PWR Rambus B Digital Power [3:1]: These three pins supply power for the Ram- 
bus Channel B digital logic. Each pin must be bypassed to RBGND with a 


10-uF capacitor in parallel with a 0.1-uF capacitor. 





RBAVDD 








PWR Rambus B Analog Power: This pin supplies analog power to Rambus Chan- 
nel B. This pin must be bypassed to RBAGND with a 10-uF capacitor in paral- 


lel with a 0.1-uwF capacitor. 
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Table 2-10. Power and Ground Pins (cont) 





Name Type Description 


XVDD PWR Reference Oscillator Power: This pin supplies power to the reference oscilla- 
tor and Rambus BCLK synthesizer (common to both channels). This pin must 
be bypassed to XGND. 





PVDD PWR PCLK Synthesizer Power: This pin supplies power to the pixel clock synthe- 
sizer. This pin must be bypassed to PGND. 





AVDD[2:1] PWR DAC Power [2:1]: These two pins supply power to the integrated DACs. Each 
pin must be connected to the 3.3-V power plane and bypassed to DACGND 
with a 0.1-uWF capacitor placed as close to the pin as possible. 




















GND[10:1] GND Digital Ground [10:1]: These 10 pins supply ground reference to the digital 
core, AGP, and I/O logic. Each pin must be connected to the ground plane. 

RAGNDJ[7:1] GND Rambus A Digital Ground [7:1]: These seven pins supply ground reference 
to the Rambus Channel A digital logic. 

RAAGND GND Rambus A Analog Ground: This pin supplies analog ground to Rambus 
Channel A. 

RACGND GND Rambus A ClockToEnd Ground: This pin supplies ground to the Rambus 
Channel A RACTE drivers. 

RBGNDJ7:1] GND Rambus B Digital Ground [7:1]: These seven pins supply ground reference 
to the Rambus Channel B digital logic. 

RBAGND GND Rambus B Analog Ground: This pin supplies analog ground to Rambus 
Channel B. 

RBCGND GND Rambus B ClockToEnd Ground: This pin supplies ground to the Rambus 


Channel A RACTE drivers. 





XGND GND Reference Oscillator Ground: This pin supplies ground reference to the ref- 
erence oscillator and Rambus BCLK synthesizer (common to both channels). 





PGND GND PCLK Synthesizer Ground: This pin supplies ground reference to the pixel 
clock synthesizer. 





AGND[2:1] GND DAC Ground [2:1]: These two pins supply ground reference to the integrated 
DACs. Each pin must be connected to the DAC on the ground plane. 
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3. FUNCTIONAL 
DESCRIPTION 


3.1 General 


The CL-GD5465 integrates all the necessary hard- 
ware for a flexible multimedia display system, includ- 
ing an integrated palette DAC, clock generators, 
Enhanced V-Port bus for easy expandability, glue- 
less AGP/PCI host interface, glueless Rambus 
channels, and a 64-bit graphics engine featuring 
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standard GUI acceleration hardware (such as Bit- 
BLT, color expansion, 3D engine, and hardware cur- 
sor). The CL-GD5465 also offers advanced features 
such as stretch BitBLT and line acceleration, a gen- 
eral-purpose I/O port for expansion, front-end and 
back-end video playback scaling, and color-space 
conversion for video applications. 


Figure 3-1 shows the CL-GD5465 connection to the 
host, monitor, and memory. 


SERIAL (I2C) BUS 
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Figure 3-1. CL-GD5465 Block Diagram 
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The CL-GD5465 is a high-performance 
VisualMedia solution based on the latest Rambus 
technology. The CL-GD5465 uses one of two Ram- 
bus channels providing 500 to 600 Mbytes/second 
of memory bandwidth, displaying true-color images 
at up to 1024 x 768 resolution, and 256-color modes 
that can reach a maximum of 1600 x 1200 resolu- 
tion. 


3.2 Functional Blocks 


The following sections describe the functional 
blocks that are integrated into the CL-GD5465. 


3.2.1 


The CL-GD5465 host interface offers AGP v1.0/PCl 
v2.1-compliant zero-wait-state burst write support 
up to 66 MHz, and meets single electrical load 
requirements by buffering the BIOS ROM and local 
peripheral bus. In addition, the CL-GD5465 sup- 
ports AGP. The CL-GD5465 host interface imple- 
ments byte-swapping on a word or dword basis for 
bi-endian support. There is no need for external glue 
logic because the CL-GD5465 host interface 
decodes all 32 bits of address space. It also incorpo- 
rates an eight-level command/data buffer that 
improves host throughput by releasing the CPU as 
soon as the command or data is written into the 
buffer. 


Host Interface 


The CL-GD5465 performs as a bus master to fetch 
instructions and parameters for the 3D engine and 
allow texture, depth, and color data to be stored in 
system memory. Bus master accesses offer zero- 
wait-state read burst and write burst support for effi- 
cient use of the AGP and PCI buses. 


3.2.2 2D Graphics Engine 


The 2D graphics engine in the CL-GD5465 is an 
advanced 64-bit, three operand engine that acceler- 
ates BitBLTs as well as line draws, polygon draw, 
and polygon fill. The 2D engine is a fast single-cycle 
85-MHz engine, matching the 600 Mbytes/sec. 
Rambus data speed that provides 8 bits of data 
every 1.5 ns (64 bits of data every 12 ns). This pro- 
vides more than twice the bandwidth of most other 
graphics engines that require 32 ns to process 64 
bits of data. 
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There is also hardware support in the 2D engine for 
monochrome-to-color expansion in 8-, 16-, 24-, and 
32-bpp modes. The CL-GD5465 2D engine per- 
forms video scaling with a stretch BitBLT feature that 
takes off-screen video or bit map data and scales it 
before placing it in on-screen memory. The data can 
be overlayed with video using color key or chroma 
key compares. This allows the on-screen memory to 
contain a homogeneous image. The CL-GD5465 
supports YUV-to-RGB color-space conversion dur- 
ing the stretch. 


The 2D engine incorporates a 25-entry command 
and data queue to further improve throughput by 
releasing both the host CPU and the CL-GD5465 
host interface as soon as the command or data is 
recorded. 


3.2.3 3D Graphics Engine 


The 3D graphics engine incorporated in the 
CL-GD5465 can draw randomly oriented triangles 
with Gouraud shading, texture mapping, alpha 
blending, and Z-buffering. The CL-GD5465 has sup- 
port for copy, DECAL, and blended 2D/3D and mod- 
ulated textures as well as bilinear, bilinear mip- 
mapped, and trilinear textures. The 3D graphics 
engine uses AGP/PCI bus mastering to fetch 
instructions and parameters from system memory 
to render scenes with a minimum of host interven- 
tion. 


3.2.4 Memory Controller (Rambus®) 


The unique CL-GD5465 memory controller is the 
gateway to the Rambus interface, offering up to 600 
Mbytes per second bandwidth per channel. It effi- 
ciently allocates the memory bandwidth among the 
functions: CPU access, DRAM refresh, screen 
refresh, 2D/3D engine operations, and the 
Enhanced V-Port access. The CL-GD5465 memory 
controller is designed to manage a single Rambus 
channel; however, some future members of the 
Laguna family will take full advantage of both Ram- 
bus channels. 


3.2.5 VGA Core 


The CL-GD5465 VGA core is an independent unit 
that shares the memory bus and host interface with 
the other components of the CL-GD5465. It is 
enabled only during VGA modes and is totally com- 
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patible with the IBM VGA standard, supporting video 
modes Oh through 13h. A strapping option disables 
the VGA core, allowing operation as a grayscale 
controller. 


3.2.6 V-Port™ 


The CL-GD5465 writes realtime recorded video 
from a decoder to the frame buffer, typically for dis- 
play in the video window. Video can be decimated 
vertically, horizontally, and temporally. When video 
is being captured, the capture and display buffers 
can be swapped automatically as each frame is 
captured. This prevents the display of partial 
frames with no host intervention. 


The V-Port hardware interface uses the same pins 
as the VGA pass-through connector. It can be con- 
figured for either sense of HREF. 


3.2.7, RAMDAC 


The CL-GD5465 RAMDAC contains the LUT 
(lookup table) as well as the true color digital-to-ana- 
log converter. The CL-GD5465 RAMDAC supports 
8-bpp LUT mode and Direct Data modes for 8-, 16-, 
and 24-bpp, along with Alpha channel support in 32- 
bpp modes. The color values in the LUT can be indi- 
vidually addressed, providing for gamma correction. 


3.2.8 Video Pipeline 


The CL-GD5465 features a programmable hard- 
ware window for the simultaneous display of graph- 
ics and video streams. The graphics and video 
formats can have different color spaces and even 
pixel sizes. The display of 8-bpp palettized graphics 
with YUV 4:2:2 video is a typical application. 


The window can be independently zoomed in both 
dimensions up to 4x. Both horizontal and vertical 
zooming are always done with interpolation of ‘in 
between’ pixels. 


Occlusion support allows the graphics and video 
streams to be mixed on a pixel-by-pixel basis. Color 
key matching of the graphics source or chroma key 
matching of the video source can be used to deter- 
mine which pixels are replaced. 
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3.2.9 Programmable Frequency Synthesizer 


There are two programmable frequency synthesiz- 
ers integrated into the CL-GD5465. One synthesizer 
generates the Rambus clock (300-MHz nominal fre- 
quency), and the other synthesizer generates the 
video clock and CRT controller timing reference (up 
to 230 MHz). The CL-GD5465 includes an on-chip 
reference oscillator that requires only an inexpen- 
sive two-pin 14.31818-MHz crystal. 


3.2.10 CRT Controller 


The CL-GD5465 CRTC (CRT controller) handles all 
screen-refresh activity and generates monitor timing 
signals (HSYNC and VSYNC) and BLANK#. It coor- 
dinates the fetching of data from the display memory 
and delivering it to the DACs for screen refresh. The 
CRTC also controls the hardware cursor. 


3.2.11 I2C Ports 


The CL-GD5465 offers two |2C interfaces. One is 
connected to the monitor, supporting VESA® DDC 
levels 2B. The other is connected to VMI interface, to 
control a TV tuner or MPEG decoder. 


3.2.12 VMI v1.4 


The VMI (video module interface) v1.4 consists of 
the V-Port and an 8-bit general-purpose I/O port. 
The V-Port accepts video data from a TV or MPEG 
decoder and writes it into the frame buffer for sub- 
sequent display. The general-purpose 1/O port 
translates the PCI bus into an 8-bit I/O bus that can 
be configured for either ISA-style or Motorola-style 
commands. 


3.3 Functional Operation 


The following sections discuss the seven major 
operations handled by the CL-GD5465. 


3.3.1. 2D Graphics Engine 


The CL-GD5465 host accesses the registers within 
the 2D graphics engine to program the desired func- 
tion. The host interface buffers the operation param- 
eters in its command buffers, releasing the CPU to 
continue other tasks. To relieve traffic congestion on 
internal buses, a secondary buffer in the 2D engine 
also buffers commands and data. When the 2D 
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engine completes the current operation, the param- 
eters are transferred to the registers from this sec- 
ondary queue to start the next graphics operation. 


3.3.2 3D Graphics 


The host CPU constructs display lists containing 3D 
control and rendering instructions and stores them 
into host system memory. The CL-GD5465 then 
fetches the display lists from host system memory 
by becoming a AGP/PCI bus master and executing 
them to render the desired scene. The CL-GD5465 
has a rich instruction set including rendering primi- 
tives such as DRAW_LINE and DRAW_POLYGON; 
flow-control instructions such as BRANCH, CALL, 
and RETURN; and animation-support instructions. 
The CL-GD5465 can provide status in the form of 
interrupts when it has reached a specified point in 
the display list. 


3.3.3 Display Refresh 


The CL-GD5465 CRTC controls and initiates dis- 
play refresh cycles. The CRTC first fetches the data 
from the frame buffer by arbitrating for the memory 
bus. Once the access is granted, as much of a scan- 
line that can fit is fetched and buffered in the display 
FIFO to be passed to the RAMDAC for display on 
the monitor. Programmed for a specific display 
mode, the rate and timing at which display refresh 
operations occur is controlled by the CRTC. A large 
display FIFO allows large Rambus transactions, 
reducing the overhead of memory data fetches and 
conflicts in the Rambus arbitrator. 


3.3.4 Playback and Capture by the V-Port™ 


The CL-GD5465 has an 8-bit V-Port that allows the 
display of video overlay. The CL-GD5465 has a 
data path into the frame buffer, allowing for capture 
and scaling. Video capture is done by copying 
video data to an off-screen area. It can then be 
written to a hard disk. Video scaling is done by 
fetching the video data from off-screen memory, 
then scaling/color-space converting and writing 
the data into the on-screen portion of the frame 
buffer in actual display size. The CRTC can then 
fetch the video data to the DAC by the YUV-to-RGB 
convertor if necessary. Finally, the DAC converts 
the video data to the analog RGB for direct con- 
nection to the monitor. 
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In the CL-GD5465, video can also be processed 
as an overlay surface. In this case, the data can be 
stored off screen and fetched for scaling and color- 
space conversion, and overlayed onto the graphics 
data in a non-destructive way. This overlay window 
can use color keying or chroma keying to allow 
arbitrary occlusion on a pixel-by-pixel basis. 


3.3.5 Playback by the Host Bus 


Another alternative to playback video data is using 
the host bus on the CL-GD5465. To use this alterna- 
tive, video data must be written to the off-screen 
frame buffer area. After the video data is in the off- 
screen portion of the frame buffer, it is used in 
exactly the same manner as data gathered by the 
V-Port bus. 


3.3.6 1I2C (DDC/External Device Control) 


The I2C ports implemented in the CL-GD5465 are 
each made up of a generic data line and clock line 
connected to register bits. The data and clock are 
controlled by software changes to the register con- 
tents, which change the outputs. By using the cor- 
rect software driver, each I2C port can be used to 
send or receive any single-bit data format. VESA 
DDC level 2B signalling is supported with the 
CL-GD5465 BIOS. To communicate to other 
devices, such as a multistandard decoder, special 
drivers can be written to work with the second |l@C 
port. 


3.3.7 BIOS Read 


For compliance with the AGP/PCI single-load spec- 
ification, the BIOS access must be buffered and 
accessed with address and data pins. The BIOS 
ROM is read once during the computer boot pro- 
cess and shadowed in system memory. Once this is 
complete, the general-purpose I/O port can be 
used. 


3.4 Performance Notes 


The CL-GD5465 is designed with the following per- 
formance-enhancing features: 


e A 64-bit 2D graphics engine with three-operand 
BitBLT, color expansion for 8-, 16-, 24-, and 32- 
bpp modes, stretch BitBLT, transparent BitBLT, 
and linedraw acceleration. 
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e The CL-GD5464 contains a 3D graphics engine 
capable of rendering triangles with texture map- 
ping, Gouraud shading, alpha blending, and 
Z-buffering. 


e BitBLT operations stored in a frame buffer dis- 
play list and triggerable on command or following 
any scanline of screen refresh. 


e Video playback acceleration with bilinear inter- 
polated scaling, three or more occluded video 
windows simultaneously, and YUV-to-RGB con- 
version. Frame-rate conversion is done automat- 
ically by CL-GD5465 hardware. 


e Integrated 230-MHz palette DAC, clock synthe- 
sizer, and hardware cursor, supporting non- 
interlaced resolutions up to 1600 x 1200. 


e Rambus® memory architecture allowing up to 
600 Mbytes/second bandwidth and a frame 
buffer up to 8 Mbytes at increments of 1 Mbyte. 


e 32-bit configurable host interface compliant with 
PCl v2.1 and AGP v1.0 standards. 


e Memory-mapped registers, linear addressable 
frame buffer, bi-endian data format support, and 
5- or 3.3-V host interface. 


e VMI v1.4 support for multimedia expansion. 
e VESA® DDC2B-compliant monitor signalling. 


e Green PC support with VESA® DPMS and sys- 
tem power down. 
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3.5 Compatibility 


The CL-GD5465 includes all registers and data 
paths required for VGA controllers, and supports 
extensions to VGA, including resolutions up to 1024 
x 768 x 16.8 million colors non-interlaced. The 
CL-GD5465 displays true-color images at up to 
1024 x 768 resolution, and 256-color modes can 
reach a maximum of 1600 x 1200 resolution. 


3.6 Board Testability 


The CL-GD5465 is testable, even when installed on 
a printed circuit board. By using the pin-scan testing, 
any IC signal pin not connected to the board or 
shorted to a neighboring pin or trace is detected. 
The signature generator allows the entire system, 
including the display memory, to be tested at operat- 
ing speed. 
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Table 4-1. Standard VGA Video Modes 
nose vesa® | noo seron | oisey | Ft | he: | man 

: ; MHz kHz Hz 

0, 1 0, 1 16/256K 360 x 400 Text 14 31.5 70 
2,3 2,3 16/256K 720 x 400 Text 28 31.5 70 
4,5 4,5 4/256K 320x200 | Graphics | 12.5 | 31.5 70 
6 6 2/256K 640x200 | Graphics | 25 31.5 70 

7 7 Monochrome 720 x 400 Text 28 31.5 70 

D D 16/256K 320x200 | Graphics | 12.5 | 31.5 70 

E E 16/256K 640x200 | Graphics | 25 31.5 70 

F F Monochrome 640 x 350 Graphics 25 31.5 70 
10 10 16/256K 640x350 | Graphics | 25 31.5 70 
11 11 2/256K 640x480 | Graphics | 25 31.5 60 
11t 11 2/256K 640x480 | Graphics | 31.5 | 37.5 75 
12 12 16/256K 640x480 | Graphics | 25 31.5 60 
12a 42a 16/256K 640x480 | Graphics | 31.5 | 37.5 75 
13 13 256/256K 320x200 | Graphics | 12.5 | 31.5 70 
































a Higher refresh modes available with generic fix-up TSR. 


NOTE: An 8 x 14 font for the EGA modes can be provided with a DOS TSR (terminate and stay resident) program. 
If the TSR has not been loaded when the mode is set, the 8 x 16 font is used with the two bottom rows 
deleted. This causes truncation of characters with descenders, but does not restrict program operation. The 
TSR should be used for absolute compatibility with DOS applications that use the 8 x 14 font. 
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Table 4-2. Extended Video Modes 








































































































Mode | VESA®| No. of Char. x | Char. x Screen Display Pixel Horiz. Vert. 
No. No. Colors Row Cell Format Mode __| Freq. MHz | Freq. kHz | Freq. Hz 
5E 100 256/256K 80 x 25 8x16 640 x 400 Graphics 25 31.5 70 
7A - 64K - - 640 x 400 Graphics 25 31.5 70 
5F 101 256/256K 80 x 30 8x16 640 x 480 Graphics 25 31.5 60 
5F 101 256/256K 80 x 30 8x16 640 x 480 Graphics 31.5 37.9 72 
5F 101 256/256K 80 x 30 8x16 640 x 480 Graphics 31.5 37.5 75 
5F 101 256/256K 80 x 30 8x16 640 x 480 Graphics 36.0 43.3 85 
64 111 64K - - 640 x 480 Graphics 25 31.5 60 
64 111 64K = - 640 x 480 Graphics 31.5 37.9 72 
64 111 64K = - 640 x 480 Graphics 31.5 37.5 75 
64 111 64K - - 640 x 480 Graphics 36.0 43.3 85 
71 112 16M - - 640 x 480 Graphics 25 31.5 60 
71 112 16M - = 640 x 480 Graphics 31.5 37.9 72 
71 112 16M - - 640 x 480 Graphics 31.5 37.5 75 
71 112 16M = - 640 x 480 Graphics 36.0 43.3 85 
76# - 16M+A - - 640 x 480 Graphics 25 31.5 60 
/6# 7 16M+A — - 640 x 480 Graphics 31.5 37.9 72 
/6# = 16M+A 7 - 640 x 480 Graphics 31.5 37.5 75 
/6# = 16M+A 7 - 640 x 480 Graphics 36.0 43.3 85 
58, 6A 102 16/256K 100 x 37 8x16 800 x 600 Graphics 36 35.2 56 
58, 6A 102 16/256K 100 x 37 8x16 800 x 600 Graphics 40 37.8 60 
58, 6A 102 16/256K 100 x 37 8x16 800 x 600 Graphics 50 48.1 72 
58, 6A 102 16/256K 100 x 37 8x16 800 x 600 Graphics 49.5 46.9 75 
58, 6A 102 16/256K 100 x 37 8x16 800 x 600 Graphics 56.25 53.7 85.1 
5C 103 256/256K | 100 x37 8x16 800 x 600 Graphics 36 35.2 56 
5C 103 256/256K | 100 x37 8x16 800 x 600 Graphics 40 37.9 60 
5C 103 256/256K | 100 x37 8x16 800 x 600 Graphics 50 48.1 72 
5C 103 256/256K | 100 x37 8x16 800 x 600 Graphics 49.5 46.9 75 
5C 103 256/256K | 100 x37 8x16 800 x 600 Graphics 56.25 53.7 85.1 
65 114 64K 7 7 800 x 600 Graphics 36 35.2 56 
65 114 64K 7 7 800 x 600 Graphics 40 37.8 60 
DDO. ne: [627 
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Table 4-2. Extended Video Modes (conit.) 
Mode | VESA®| No. of Char. x | Char. x Screen Display Pixel Horiz. Vert. 
No. No. Colors Row Cell Format Mode __| Freq. MHz | Freq. kHz | Freq. Hz 
65 114 64K - - 800 x 600 Graphics 50 48.1 72 
65 114 64K = - 800 x 600 Graphics 49.5 46.9 75 
65 114 64K = 7 800 x 600 Graphics 56.25 53.7 85.1 
78 115 16M = = 800 x 600 Graphics 36 35.2 56 
78 115 16M - 7 800 x 600 Graphics 40 37.9 60 
78 115 16M - - 800 x 600 Graphics 50 48.1 72 
78 115 16M 7 7 800 x 600 Graphics 49.5 46.9 75 
78 115 16M = = 800 x 600 Graphics 56.25 53.7 85.1 
724 = 16M+A = = 800 x 600 Graphics 36 35.2 56 
724 - 16M+A - 7 800 x 600 Graphics 40 37.8 60 
724 = 16M+A i 7 800 x 600 Graphics 50 48.1 72 
724 = 16M+A i - 800 x 600 Graphics 49.5 46.9 75 
724 = 16M+A = = 800 x 600 Graphics 56.25 53.7 85.1 
5DtT 104 16/256K 128 x 48 8x16 1024 x 768 Graphics 44.9 35.5 43iT 
5D 104 16/256K 128 x 48 8x16 1024 x 768 Graphics 65 48.3 60 
5D 104 16/256K 128 x 48 8x16 1024 x 768 Graphics 75 56 70 
5D 104 16/256K 128 x 48 8x16 1024 x 768 Graphics 78.7 60 75 
5D 104 16/256K 128 x 48 8x16 1024 x 768 Graphics 94.5 68.3 85 
60T 105 256/256K | 128x 48 8x16 1024 x 768 Graphics 44.9 35.5 43iT 
60 105 256/256K | 128x48 8x16 1024 x 768 Graphics 65 48.3 60 
60 105 256/256K | 128x48 8x16 1024 x 768 Graphics 75 56 70 
60 105 256/256K | 128x48 8x16 1024 x 768 Graphics 78.7 60 75 
60 105 256/256K | 128x48 8x16 1024 x 768 Graphics 94.5 68.3 85 
74T 117 64K = 7 1024 x 768 Graphics 44.9 35.5 43iT 
74 117 64K - - 1024 x 768 Graphics 65 48.3 60 
74 117 64K - - 1024 x 768 Graphics 75 56 70 
74 117 64K = 7 1024 x 768 Graphics 78.7 60 75 
74 117 64K - = 1024 x 768 Graphics 94.5 68.3 85 
79 118 16M 7 - 1024 x 768 Graphics 44.9 35.5 43iT 
79 118 16M 7 - 1024 x 768 Graphics 65 48.3 60 
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Table 4-2. Extended Video Modes (conit.) 


































































































Mode | VESA®| No. of Char. x | Char. x Screen Display Pixel Horiz. Vert. 
No. No. Colors Row Cell Format Mode | Freq. MHz | Freq. kHz | Freq. Hz 
79 118 16M - - 1024 x 768 Graphics 75 56 70 
79 118 16M i - 1024 x 768 Graphics 78.7 60 75 
79 118 16M = - 1024 x 768 Graphics 94.5 68.3 85 
13# = 16M+A = - 1024 x 768 Graphics 44.9 35.5 43it 
73# - 16M+A - - 1024 x 768 Graphics 65 48.3 60 
73# - 16M+A - - 1024 x 768 Graphics 75 56 70 
13# = 16M+A oe - 1024 x 768 Graphics 78.7 60 75 
13# = 16M+A = - 1024 x 768 Graphics 94.5 68.3 85 
6Ct 106 16/256K 160 x 64 8x16 1280 x 1024 | Graphics 75 48 43i 
6C 106 16/256K 160 x 64 8x16 1280 x 1024 | Graphics 108 65 60 
6C 106 16/256K 160 x 64 8x 16 1280 x 1024 | Graphics 126 76 71.2 
6C 106 16/256K 160 x 64 8x16 1280 x 1024 | Graphics 135 80 75 
6C 106 16/256K 160 x 64 8x16 1280 x 1024 | Graphics 157 91.1 85 
6Dt = 256/256K | 160 x 64 8x 16 1280 x 1024 | Graphics 75 48 43i 
6D i 256/256K | 160 x 64 8x16 1280 x 1024 | Graphics 108 65 60 
6D = 256/256K | 160 x 64 8x 16 1280 x 1024 | Graphics 126 76 71.2 
6D = 256/256K | 160 x 64 8x16 1280 x 1024 | Graphics 135 80 75 
6D i 256/256K | 160 x 64 8x16 1280 x 1024 | Graphics 157 91.1 85 
75 11A 64K = - 1280 x 1024 | Graphics 75 48 43iT 
75 11A 64K = - 1280 x 1024 | Graphics 108 65 60 
75 11A 64K = - 1280 x 1024 | Graphics 126 76 71.2 
75 11A 64K oa > 1280 x 1024 | Graphics 135 80 75 
75 11A 64K = - 1280 x 1024 | Graphics 157 91.1 85 
7B = 256/256K | 200x 75 8x 16 1600 x 1200 | Graphics 135 62.5 48it 
7B i 256/256K | 200x 75 8x16 1600 x 1200 | Graphics 162 75 60 
NOTES: 
1) ‘ft character indicates interlaced mode. 
2) ‘# character indicates 16M colors, but with 32-bit-per-pixel format. 


) 
3) ‘+A’ indicates 16M colors + Alpha channel. 
) 


Some modes are not supported by all releases of the CL-GD5465 BIOS. Refer to the CL-GD5465 Software 
Release Kit for the list of video modes supported by the CL-GD5465 BIOS. 
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Some modes are not supported by all monitors. The fastest vertical refresh rate for the monitor type selected is 
automatically used. 


An 8 x 14 font for mode 55h is provided with a DOS TSR. If the TSR has not been loaded when the mode is set, 
the 8 x 16 font is used with the two bottom rows deleted. This causes truncation of characters with descenders, 
but does not restrict program operation nor does it make characters particularly difficult to read. For absolute 
compatibility with some DOS applications that use the 8 x 14 font, the TSR should be used. 


oO 
a 


The DAC operating frequencies allow the CL-GD5465 to achieve the refresh rates indicated in Table 4-3. 
The Cirrus Logic BIOS supports the refresh rates noted in Table 4-2. 








Table 4-3. Maximum Refresh Rates 
Resolution 170-MHz DAC 230-MHz DAC 
1024 x 768 100+ Hz 100+ Hz 
1280 x 1024 85 Hz 100+ Hz 
1600 x 1200 60 Hz 85 Hz 




















4.2 Power-Up Configuration 


On the rising edge of RST#, the CL-GD5465 samples the levels on certain pins. These levels are stored 
in a group of latches that establish fundamental operating characteristics of the device, such as host bus 
type. Software can determine the configuration options by reading PCI configuration register ECh 
(PCIEC). 


These pins are pulled up with internal 250-kQ pull-up resistors; the default configuration is ‘1’. A ‘0’ is 
selected by installing an external 6.8-kQ pull-down resistor on the corresponding pin (or by connecting 
the pin directly to ground if appropriate). Table 4-4 summarizes the Configuration bits and their functions.. 















































Table 4-4. CL-GD5465 Configuration Bits 
Pin Pin ae Additional 
flame No. Level Description PCIEC Roadback 
1 Request INTA# 
INTA#H 200 0 Do not request INTA#, disable PCI Interrupt INT_EN (26) PCI interrupt line 
Line register 
1 Enable ROM decode serReNkG 
ase 
ROMCS# 1s 0 Disable ROM decode and PC! Adapter ROM_EN (25) address 
ROM Base Address register 
1 Normal RAC operation 
SOUT 174 RAC_BYPASS (24) = 
0 RAC Bypass mode (for ATE test) 
1 RCLK pin operates normally 
RA15 128 RCLK_ATE (15) = 
0 RCLK pin drives SYSCLK directly 
1 
RA14 127 ; Reserved (14) - 
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Table 4-4. CL-GD5465 Configuration Bits (cont) 











































































































Pin Pin be Additional 
Name No. Level Description PCIEC Readback 
1 
RA13 125 5 Reserved (13) - 
1 
RA12 124 | —__4+ ss — Reserved (12) - 
0 
1 
RA11 123 ; Reserved (11) - 
1 
RA10 122 Reserved (10) - 
0 
1 
RAQ 120 fag Reserved (9) - 
1 
RA8 119 ; Reserved [8] - 
1 
RA7 118 5 Reserved [7] - 
111 AGP, no sideband, 66 MHz 
110 AGP, no sideband, 133 MHz 
101 PCI 33 MHz (fast DEVSEL# speed) 
RA6 117 100 PCI 66 MHz (medium DEVSEL# speed) 
RA5 116 AGP_CFG [6:4] - 
RA4 115 011 Reserved 
010 Reserved 
001 Reserved 
000 Reserved 
11 VMI host interface disabled 
RA3 114 10 VMI host interface disabled VM MODE [3:2] VMI Mode 
RA2 113 01 VMI host interface Mode A = register 
00 VMI host interface Mode B 
1 Put feature connector data on RA [14:7] 
RA1 Vi FC_SEL [1] - 
0 Put feature connector data on EV [7:0] 
1 Enable feature connector at reset 
RAO 111 FC_EN [0] - 
0 Disable feature connector at reset 
1 Enable VGA operation 
RD7 109 VGA_EN [23] PCI Subclass [7] 
0 Disable VGA operation 
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Table 4-4. CL-GD5465 Configuration Bits (cont) 






































Pin Pin a Additional 
Nana No. Level Description PCIEC Basdhack 
1 Enable 64K ROM decodea PCI Expansion 
RD6 107 64KROM [22] ROM Base 
0 Disable 64K ROM decode (32K only) Address 15 
1 SCL2 pin operates normally 
RDS 106 0 SCL2 pin drives internal video clock (VCLk) DCLK_ATE [21] > 
directly (for ATE) 
1 V-Port data comes in on RA [14:7] 
RD4 104 VPORT_DATA_SRC 
0 V-Port data comes in TV [7:0] [20] = 
(test only) 
1 TV-Out devices is not attached 
RD3 103 TV_PRESENT_N [19] PV1_STATUS [0] 
0 TV-Out device is attached 
1 TV-Out device is NTSC 
RD2 102 TV_NTSC [18] - 
0 TV-Out device is PAL 
1 V-Port device is not attached V-PORT 
RD1 101 = PVO_STATUS [0] 
0 V-Port device is attached PRESENT_N [17] 
1 Select PCI pad characteristics 
RDO 100 PCI_PAD MODE [16] - 
0 Select AGP pad characteristics 





























a For Revision AA and AB of the CL-GD5465, the functions of RD6 and RA15 are swapped. Revision AC and later will function 
as described. 
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5. VGA REGISTER I/O MAP 


Table 5-1. VGA Register Port Map 






























































Address Port 
3B4 CRT Controller Index (read/write — monochrome) 
3B5 CRT Controller Data (read/write — monochrome) 
3BA Feature Control (write), Input Status Register 1 (read — monochrome) 
3C0 Attribute Controller Index/Data (write) 
3C1 Attribute Controller Index/Data (read) 
3C2 Miscellaneous Output (write), Input Status Register 0 (read) 
3C4 Sequencer Index (read/write) 
3C5 Sequencer Data (read/write) 
3C6 Video DAC Pixel Mask (write only) 
3C7 Pixel Address Read Mode (write), DAC State (read) 
3C8 Pixel Address Write Mode (write only) 
3C9 Pixel Data (read/write) 
3CA Feature Control Readback (read) 
3CC Miscellaneous Output Readback (read) 
3CE Graphics Controller Index (read/write) 
3CF Graphics Controller Data (read/write) 
3D4 CRT Controller Index (read/write — color) 
3D5 CRT Controller Data (read/write — color) 
3DA Feature Control (write), Input Status Register 1 (read — color) 
MY ee -33 
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6. ELECTRICAL SPECIFICATIONS 


6.1 Absolute Maximum Ratings 


Maximum case temperature UNder DIAS ........ eee eeeeeeeeeeeeeeeeeeeeeeeeees 85°C 
Storage teMPerature oo... ee cecccseesseseescseeecseescsesecsseecseseeseeeeees —65°C to 150°C 
Voltage On ANy PIN ou... eect eeeeeeeeees GND — 0.5 V to Vpp + 0.5 V (volt) 
Voltage on 5-V tolerant Pino... eee eeeeeeeeeeeeeeeeeeees GND - 0.5 V to 5.5 V 
Operating power CiSSIPAtION .........c ce eeeeeeeeeeeeeeteeeeeeeeeteaeeeeeneeeeaes 2.0 W (watt) 
Power SUpply VOItAQE 0... ce ceecccceeeeeeeceeeeeeeeceeeeeeeeeceeeeeneeeeenenseeceeenenees 5.0V 
Injection current (latCh-UP teStiNg) ...... ec eee eeeeeeeeeeeeeeeeeeeeeeeeeeaees 100 mA 


CAUTION: Stresses above those listed may cause permanent damage to system components. These are stress 
ratings only. Functional operation at these or any conditions above those indicated in the operational 


ratings of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect system reliability. 
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6.2 DC Specifications 
(Vpp = 3.3 V + 0.15 V, Te = 0°C to 85°C, unless otherwise specified) 


Symbol Parameter Units | Test Conditions | Note 


Vpp (+3.3 V) | Power supply voltage 
























































Vit Input low voltage : (non 5-V tolerant) 
Vin Input high voltage (non 5-V tolerant) 
Vinst Input high voltage (5-V tolerant) 
VoL Output low voltage lol = 3.2 mA 
Vou Output high voltage lon = —200 pA 
Ipp (+3.3 V) Supply current Vpp nominal 
lie Input high current Vit = Vpp 
Nie Input low current Vpp = 3.45, Vip = 0 
liHp Input high current (pull-up) Vit = Vpp 
liLp Input low current (pull-up) Vpp = 3.45, Vi_ = 0 
loz Input leakage 0<Vin<Voc 
Cin Input capacitance - 
Court Output capacitance 

NOTES: 

1) 5-V tolerant pins — all except Rambus access channel, SOUT, and ROMCS#. 

2) lo. is specified for a standard buffer. See Section 1.2 for further information. 

3) lox is specified for a standard buffer. See Section 1.2 for further information. 

4) Ippis measured with PCLK and BCLK as indicated below: 





lpp (+3.3 V) 


230 MHz 300 MHz 850 mA 








5) This is not 100% tested, but is periodically sampled. 
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6.3 DAC Characteristics 
(Veg = 3.3 V £0.15 V, Te = 0°C to 85°C, unless otherwise specified) 
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Symbol Parameter MAX Units Test Conditions |Note | 
R Resolution 8 Bits a 
lO Output current 30 mA VO<1V 
TR Analog output rise/fall time 3 ns 
TS Analog output settling time 15 ns 
TSK Analog output skew tod ns 
FDT DAC-to-DAC correlation 2.5 % 
Gl Glitch impulse Typical tod pV — sec. 
IL Integral linearity 1.5 LSB 
DL Differential linearity 1.5 LSB 1 
NOTES: 


{ 


NOOO fF W ND 


Outputs loaded identically. 


Load is 37.5 Q and 30 pF per analog output. 
130-Q resistor to DACVSS on VREF pin. 
TR is measured from 10% to 90% full-scale. 


About the midpoint of the distribution of the three DACs measured at full-scale output. 


) 

) 

) 

) TS is measured from 50% of full-scale transition to output remaining within 2% of final value. 
) 

) 

) ‘tod’ indicates values that are to be determined. 
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6.4 List of Timings 


Table/Figure Title Page 
6-1 PCUBUS: TMG i esscetetiats docndeciueetetaceectyalaieasttecodescnwetespestenglashelidecedealtnecuacedvee stained avd D1-38 
6-2 AGP Bus: Timing sce detect ceded ed dat coe thlva ioc otha ctepided cvaadeivesesteansetey deecivicenstaditescetenuarieeesees D1-39 
6-3 Rambus), Timings 2.ticticciteeteeentieseettniiee sine leceaivissaantiens doien indeed D1-40 
6-4 Feature-Conmector IMPUt sesvcs vascectecsezeccycvassstecesheaandannceeasee vein chetederbeaandevans seveceevieaneaee D1-41 
6-5 Feature Connector Output ..........ccccccecceeceeeeeeceeeeeeeeeeeeeeeeesaaeeseeeeeesaaeseeeeeesaaeeseaeeens D1-42 
6-6 YUV Port (VMI Video) Timing ..........ccccceeeeeeeeeeeeeeneeeeeeeeeeeaaeeeeeeeeesaeeeseaeeeseieeeetaeessaes D1-43 
6-7 TN EneGoder Out Timing ssteetessceiies sheets stiieedeecevens eidee peace tv ateev avis acdeebeeseeedeeees D1-44 
6-8 GLK AS AU sso sae asiaats Fees desscendetesds Mayadatea igecededsaiveden se Mvehares ieeedad tines esacdd aes tandsl een D1-45 
6-9 PRESET! TUQUinQ sescsdec cctsissccasdescenaced deve conagudcassGencaetceaqdadieeescctansuset staees ciusiedaieeeesedectevassiosee D1-46 
iy 07 rr YS 
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aa CL-GD5465 
SSS Laguna™ Family VisualMedia™ Accel 
———s 1g y VisualMedia ccelerator 
Table 6-1. PCI Bus Timing 
Symbol Parameter MIN MAX Units 

ty CLK period 30 - ns 

to High period (CLK) PCI bus 40 60 % of ty 

tg CLK to signal valid delay — bused signals 2 11 ns 

ts CLK to signal valid delay — point to point 2 12 ns 

t4 CLK to active delay 2 - ns 

ts CLK to float delay 7 S ns 

tg Input setup time to CLK — bused signals 7 - ns 

tg Input setup time to CLK — GNT# 10 - ns 

t7 Input hold time from CLK 0 = ns 














CLK 


OUTPUT 
DELAY 


TRISTATE 
OUTPUTS 


INPUTS 











Figure 6-1. PCl Bus Timing 
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Table 6-2. AGP Bus Timing 




















Symbol Parameter MIN MAX Units 
ty CLK period 15 30 ns 
to High period (CLK) PCI bus 6 - ns 
ts CLK to signal valid delay 1.5 6 ns 
ty CLK to active delay 1.5 6 ns 
ts CLK to float delay 1 14 ns 
ts Input setup time to CLK 5 - ns 
t7 Input hold time from CLK 0.5 = ns 
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Figure 6-2. AGP Bus Timing 
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Table 6-3. Rambus® Timing 

















Symbol Parameter MIN Nominal MAX Units 
ty BCLK period = 3.33 - ns 
to BCLK pulse width high 0.45 0.5 0.55 ty 
ts BCLK pulse width low 0.45 0.5 0.55 ty 
ta Data, control setup to RATCLK, RBTCLK 0.3 7 = ns 
ts Data, control hold from RATCLK, RBTCLK 0.3 - - ns 
tg RARCLK, RBRCLK to data, control invalid 0.25 x ty — 0.3 7 - ns 

(tq MIN) 
t7 RARCLK, RBRCLK to data, control valid - 7 0.25 x ty + 0.3 ns 
(tq MAX) 



































BCLK 


DATA IN 
CONTROL IN 








DATA OUT 
CONTROL OUT 








Figure 6-3. Rambus® Timing 
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Table 6-4. Feature Connector Input 


RUUD Euaicisepie bark ew te Ieee 
P[7:0], BLANK# hold from DCLK | nee ole oe 


NOTE: Laguna RAMDAC driven externally. 











DCLK OR 
(INPUT) 
—— >| to a 
P[7:0] 
BLANK# 
Figure 6-4. Feature Connector Input 
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Table 6-5. Feature Connector Output 





























Symbol Parameter MIN MAX Units 
ty DCLK to BLANK# delay -1 1 ns 
to DCLK to HSYNC, VSYNC delay 1 3 ns 
ts DCLK to P[7:0] delay -2 0 ns 

DCLK 
BLANK# 
HSYNC, 
VSYNC 











Figure 6-5. Feature Connector Output 
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Table 6-6. YUV Port (VMI Video) Timing 
































VACTIVE setup to PIXCLK tod at ns 
to VACTIVE hold from PIXCLK tod = ns 
ts VID[7:0] setup to PIXCLK tbd - ns 
ta VID[7:0] hold from PIXCLK tod = ns 
ts PIXCLK period 35 - ns 

<—___—_—_—_—— ts 
PIXCLK 
ty = ~«—— to 
VACTIVE 
t4 
—_r- 
VID[7:0] 
tg ——_ 





Figure 6-6. YUV Port (VMI Video) Timing 
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Table 6-7. TV Encoder Out Timing 





EV[7:0] 





Figure 6-7. TV Encoder Out Timing 
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Table 6-8. DCLK as Input 






































Rise time = 3 ns 
to Fall time 7 3 ns 
ty High period 40 60 % Of ts 
ta Low period 40 60 % Of ts 
ts Period 12.5 - ns 

DCLK 
ty to 
ty yo, 
ts 
Figure 6-8. DCLK as Input 
PRELIMINARY DATA BOOK v2.0 
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Table 6-9. RESET Timing 
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RESET pulse width 12 - MCLK 
to Configuration pins setup to RST# rising edge 5 - ns 
tg Configuration pins hold from RST# rising edge 2 - ns 
ta RST# recovery time to first command tod 7 ns 

to <—_— 
CONFIGURATION 
PINS 

—+| tf, 
FRAME# 

ty ty 
<_< et 
Figure 6-9. RESET Timing 
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7. PACKAGE SPECIFICATIONS 


30.35 (1.195) 
30.85 (1.215) 





27.90 (1.098) ; 


28.10 (1.106) 


27.90 (1.098) 
28.10 (1.106) 


30.35 (1.195) CL-GD5465 


oOR2 et) 208-Pin HQFP 


I @ Pint indicator 











3.17 (0.125) 
0.40 (0.016) 3.67 (0.144) 1.30 (0.051) REF 
0.75 








NOTES: 


Dimensions are in millimeters (inches), and controlling dimension is millimeter. 
Drawing above does not reflect exact package pin count. 


Before beginning any new design with this device, please contact Cirrus Logic for the latest package information. 
HQFP is a high-performance QFP with an exposed or unexposed heat sink. 
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8. ORDERING INFORMATION 


CL — GD5465 — HC —-A 


Cirrus Logic Inc. al | ri Revision * 


Graphics, Display Temperature range: 
C = Commercial 
Part number 
Package type: 
H = PQFP (plastic quad flat pack) 
with heat spreader 


+ Contact Cirrus Logic for up-to-date information on revisions. 
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GLOSSARY 


AccuPak®: A video compression method proprietary to Cirrus Logic, Inc. See Chapter 16 and 
Chapter 17. 


Add-in Card, Adapter Card: A circuit board that plugs into a computer motherboard and con- 
nects it to some external device, such as a video monitor or storage subsystem. 


Alpha Blending: A technique for adding transparency information for translucent objects. 


APA (all points addressable): Each pixel on the screen is individually programmable. Any 
pattern (subject to the resolution of the system) can be displayed. This typically requires that 
one to two orders of magnitude more information be manipulated than is the case with an AN 
system. These modes are also referred to as Graphics modes. All extended modes are APA. 


AN (alphanumeric): Only those patterns defined in the font tables are displayed. Information 
can usually be displayed more quickly than is the case with APA images because fewer bits 
need to be manipulated by the software. These modes are also referred to as Text modes. 


Analog Interface: The interface between a video controller and a video display in which pixel 
colors are determined by the voltage levels on three output lines (RGB). Theoretically, an 
unlimited number of colors are supported by this method (the maximum number anyone talks 
about is 16,777,216). The voltage level on any line varies between zero volts (for black) to 
about 700 mV (for maximum brightness). The lines are typically terminated in 75 Q at each 
end. In the IBM world, the analog interface is usually mechanized with a 15-pin, 3-row connec- 
tor (DB15). 


Analog Monitor: A video monitor that uses an analog interface and displays a wide range of 
color variations. Nearly all monitors currently available are analog monitors. 


Analog: A signal that can assume intermediate levels between on and off. Contrast with Dig- 
ital. 


Artifact: A flaw that appears in a display image as a result of a physical disruption of the dis- 
play image. Examples of artifacts include unwanted flicker, noise, spotting, contouring, or other 
pattern motion. 


ASCII: American Standard Code for Information Interchange. This is a 7-bit code used to 
encode alphanumeric information. In the IBM-compatible world, this is expanded to eight bits 
to encode a total of 256 alphanumeric (AN) and control characters. 


AUTOEXEC.BAT: A file used to direct a series of activities that occur during system boot-up. 


Auto-Monitor Detect: A feature of Cirrus Logic VGA controllers and BIOS that senses the 
type of monitor that is connected. This uses a scheme that involves the use of comparators to 
sense the terminations present on the RGB lines. This is replaced with DDC1 and DDC2B. 


Bi-linear Interpolation: The process of determining the value of a point (Y) on a plane based 
on the values of the closest four points. See Linear Interpolation. 


BIOS-Level Compatibility: With regard to a VGA subsystem, this means that the BIOS sup- 
plied is in compliance with the IBM VGA standard. This is the minimum level of compatibility 
necessary to accommodate the majority of standard applications. 
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BIOS (basic input output system): In IBM-compatible personal computers, this is a set of 
ROM-based firmware routines that control the resources of the system and make them avail- 
able to application programs in an orderly manner. These routines provide basic input/output 
services for the operating system and for applications programs that use interrupts to call 
them. Also called ROM BIOS. The Cirrus Logic, Inc. BIOS is written in 80386/486 Assembly 
Language. 


Bit: Binary Digit. A single piece of information: on or off, ‘0’ or ‘1’, high or low, closed or open, 
up or down, in or out. 


BitBLT (bit boundary block transfer): A type of graphics drawing routine that moves a rect- 
angle of data from one area of display memory to another or moves data from system memory 
to display memory. Graphics controllers frequently include varying degrees of hardware to 
help speed BitBLT operations. 


Bitmap: A rectangular array of locations, each of which is associated with a location (pixel) on 
a monitor. The contents of each location determines the color of the pixel. Often times there 
are more locations in the bitmap than on the screen, which allow images to be maintained for 
later presentation. 


Blanking: On a CRT monitor, the beam that causes light to appear on the CRT monitor display 
screen is said to undergo blanking (that is, made so that it does not appear) during the non- 
active parts of each scanline and during each horizontal and vertical retrace. 


Block Diagram: A diagram in which blocks are used to represent components or subsystems 
of a system. Usually the blocks are connected with lines indicating data or control flow. 


Bus Master: The PCI bus Specification provides for alternate agents to take temporary control 
of the bus and initiate transfers. When an agent had control of the bus, it is the ‘bus master’. 
The CL-GD546X becomes a bus master to fetch display lists from system memory, as well as 
other purposes. 


Byte: A group of eight bits addressed as a unit. Can take any of 256 (28) values. 
Byte BitBLT: See MBitBLT. 
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Byte Swapping: To support operation in a PowerPC PCI system, the CL-GD546X provides 
byte swapping logic in the host interface. The PowerPC and the PCI bridge perform the swap- 
ping required to support byte data. Data types that are larger than a single byte, such as 16-, 
24-, and 32-bpp graphics data, require further alignment. Therefore, the frame buffer, host data 
port, and Memory-Mapped registers each have four different address maps or ‘apertures’. This 
allows the application software to control the data alignment depending on the pixel depth. In 
Table E1-1, the first aperture (1) performs no swapping; the second aperture (2) swaps bytes 
within words; the third (3) aperture swaps bytes within dwords. The fourth aperture is for YUV 
support. 


Table E1-1. Byte Swapping for Bi-Endian Support 

















































































































Aperture Swap Diagram 
Processor Bus 0 1 2 3 
Base 
address No swap 
Frame Buffer 0 1 2 3 
Processor Bus 0 1 2 3 
Base 
address 
plus 8 word swap 
Mbytes 
Frame Buffer 0 1 2 3 
Processor Bus 0 1 2 3 
Base 
address 
plus 16 dword swap 
Mbytes 
Frame Buffer 0 1 2 3 
Base 
address 
plus 24 = YUV support 
Mbytes 
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CAS (column address strobe): One of the DRAM control signals. 


Capture Resizing: The data being captured can be expanded (zoom) or compressed (shrink) 
as it is prepared for storage. These two cases are collectively called ‘capture resizing’. 


CGA (color graphics adapter): This was the first color adapter available for the IBM personal 
computer. It has low resolution, both spatial and color. While CGA is generally considered 
obsolete, the VGA standard includes the video modes originally designed for CGA. 


Character Cell Matrix: In Text mode, the area of display used to display one character. On 
the VGA, character cells are either 8, 9, 12, or 16 pixels wide and usually are 8, 14, or 16 pixels 
high. 


Character Clock: This clock is generated by dividing the VCLK by eight or nine. The Monitor 
Timing Signals (HSYNC, VSYNC) are derived by dividing the character clock. 


Chroma Key: The CL-GD5465 can compare the Y, U, and V values of video pixels to upper 
and lower limits to determine which should be replaced with graphics data. For example, tele- 
vision news programs use chroma key to superimpose the weather reporter on a background 
(‘blue screen’ effect).See Transparent BitBLT. 


Chrominance: The color component of a 2-channel video signal. See Luminance. 


Clipping: Normally, when doing a BitBLT, the destination rectangle (destination point + desti- 
nation extents) defines which screen pixels will be affected. When hardware clipping is turned 
on, the user can also specify a second destination rectangle, called a clipping rectangle. The 
pixels on the screen that are affected by the BitBLT are those contained in the intersection 
between the destination rectangle and the clipping rectangle. See Section 14.7 on page 14- 
21. 


CLUT (color lookup table): Translates pixel values from the display memory into color infor- 
mation for the CRT display. It can be found in a Video DAC. 


Color Key: The CL-GD5465 can overlay the computer-generated graphics on a pixel-by-pixel 
basis, with external video. One method of determining whether to overlay a pixel involves com- 
paring it with a specific color or range of colors. 


Color Modes: Uses two, four, eight, or more bits-per-pixel. Table E1-2 summarizes the num- 
ber of colors and the standards for which the colors were first available. 


Table E1-2. Color Modes 


























Bits per Pixel | Number of Colors Standards 
2 4 CGA 
4 16 CGA 
8 256 VGA 
15 32,368 TARGA™ 
16 65,536 VGA/XGA™ 
24 16,777,216 Cirrus Logic True Color 
32 16,777,216 True Color with Alpha Channel 
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Color Planes: In planar modes, the display memory is separated into four independent planes 
of memory, with each plane dedicated to controlling one color component (Red, Green, Blue, 
and Intensify). Each pixel of the display occupies one bit position in each plane. Planar modes 
are generally 16 colors. In character modes and packed pixel modes, the data is organized 
differently. 


Comparator: A hardware element used to perform an arithmetic or logical comparison 
between two fields. The two fields are typically the same width. Arithmetic comparisons 
include equal, greater than, and less than. Logical comparisons are generally identity. 


CONFIG.SYS: A file that provides the system with information regarding application require- 
ments. This information may include peripherals that are connected and require special drivers 
(such as a mouse). Other information that might be specified is the number of files that can be 
open simultaneously, or the number of disk drives that can be accessed. 


CMOS: Complementary Metal Oxide Semiconductor. A digital logic family that is character- 
ized by high density, low-to-medium power, and medium-to-high speeds. All modern VGA con- 
trollers are fabricated using CMOS. 


CPU (central processing unit): The master computer unit in a system. In the VGA world, this 
is typically a 80386, 80486, or Pentium microprocessor. 


CRT (cathode ray tube): An electron beam is generated, accelerated, and made to strike a 
phosphor coating on the inside of an evacuated glass enclosure. The phosphor glows as a 
result of the energy imparted by the beam. By precisely controlling the position and intensity 
of the electron beam, meaningful patterns are made to appear in the phosphor and are visible 
through the glass. 


DAC (digital-to-analog converter): The DACs in a VGA system convert the 6- or 8-digital bits- 
per-color (RED, GREEN, and BLUE) to analog levels suitable for the Analog Interface. 


DCLK: The package pin on which the pixel clock (or a multiple or sub-multiple) is present. See 
also VCLK. 


DDC (display data channel): A definition of a communication channel between a computer 
display and the host system. This is a VESA proposed format. Current Cirrus Logic compo- 
nents and software support either DDC1 or DDC2B. 


Digital Interface: A type of interface used between video controller and video display in which 
display color is controlled by digital color control lines switching on and off. The number of col- 
ors that can be supported depends on the number of signal lines in the interface, and is gen- 
erally either 8, 16, or 64. Most digital interfaces are TTL (transistor-transistor logic)-compatible. 
CGA, MDA, and EGA use digital interfaces. In the IBM world, the digital interface is usually 
mechanized with a 9-pin connector. 


Digital Monitor (TTL): A monitor that receives its input in the form of a digital code. Typical 
digital monitors display 8, 16, or 64 colors. Digital monitors are more or less obsolete. 


Digital: A method of representing data whereby the individual components are either fully on 
or fully off. 


Digitize: To convert an analog image or signal to a corresponding series of numbers. 
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Display Memory: The area in the computer memory where the information used to update 
the screen is kept. In the IBM VGA world, the range of addresses for this data is A000:0 
through BFFF:F. Linearly addressed display memory can be placed nearly anywhere in the 
system address space. 


Display Modes: In the IBM-compatible world, a number of standard display modes are 
defined. Video mode is used interchangeably with Display mode. In addition to the standard 
modes enumerated below, there are many Extended Display modes. 


Table E1-3. Standard Display Modes 



































Mode(s) | Colors ee Pixel Resolution AN/APA 
0,1 16 40 x 25 360 x 400 AN 
2,3 16 80 x 25 720 x 400 AN 
4,5 4 40 x25 320 x 200 APA 

6 2 80 x 25 640 x 200 APA 
7 Mono. 80 x 25 720 x 400 AN 
D 16 40 x 25 320 x 200 APA 
E 16 80 x 25 640 x 200 APA 
F Mono. 80 x 25 640 x 250 APA 
10 16 80 x 25 640 x 350 APA 
11 2 80 x 30 640 x 480 APA 
12 16 80 x 30 640 x 480 APA 
13 256 40 x 25 320 x 200 APA 























Dithering: To intersperse a pattern of one color (for example, blue) with a pattern of another 
color (for example, red) to give the subjective effect of a color somewhere between the two 
colors (blue and red together make magenta). This technique is effective over large surfaces 
but fails if the area is too small. This technique creates the appearance of more colors at the 
expense of resolution. 


DIP (dual-inline package): A method of packaging semiconductor chips that was essentially 
ubiquitous until the 1980s. It is being replaced with plastic quad flatpack and pin grid arrays for 
devices with high pin counts, and small outline packages for devices with low or medium pin 
counts. 


DPMS (display power management signaling): A proposal to standardize on a common 
definition and methodology in which the display controller sends a signal to the display that 
enables it to enter various power management states. This is a VESA proposal. The VGA con- 
troller can instruct the monitor go enter one of a number of reduced power states. DPMS is 
supported by current Cirrus Logic desktop products. 
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DRAM (dynamic random access memory): A memory technology that is characterized by 
extreme high density, low power, and low cost. It must be more or less continuously refreshed 
to avoid loss of data. 


Driver: A software module that interfaces a particular display device to an application program 
to allow operation at higher resolutions than standard VGA. 


EEPROM (electrically erasable programmable read-only memory): A memory storage 
device that can be written repeatedly with no special erasure fixture. EEPROMs do not lose 
their contents when they are powered down. The Cirrus Logic BIOS can use EEPROMs to 
record information regarding the connected monitor. This is being replaced with DDC. 


EGA (enhanced graphics adapter): This was the second color adapter available for IBM- 
compatible computers. While EGA is generally considered obsolete, the VGA standard 
includes the modes originally designed for EGA. 


Emulation: Simulation of unavailable hardware by available hardware and software. Emula- 
tions improve the usefulness of a product by making it compatible with other products. EGA is 
capable of emulating MDA and sometimes CGA and Hercules. VGA is capable of emulating 
EGA, CGA, and MDA. 


EPROM (electrically programmable read-only memory): A memory storage device that 
can be written once (per erasure cycle) and read many times. In the VGA world, it is used for 
holding the BIOS. 


Fast-Page Mode: A read or write mode of DRAMs that is characterized by a decrease in cycle 
time of about 2—3 times and a corresponding increase in performance. The data accessed in 
Fast-Page mode cycles must be adjacent in memory. 


Feature Connector: An expansion connector on the VGA that can be used to accept or drive 
video signals to or from the VGA. This is used in applications involving video overlay. This is 
also called the VESA Pass-through connector. 


FIFO: First In First Out. A memory that can temporarily hold data so that the sending device 
can send data faster than the receiving device can accept it. The sending and receiving 
devices typically operate asynchronously. 


Fixed-Frequency Monitor: A monitor that can accept a fixed horizontal frequency, usually 
31.5 kHz. Such monitors can accommodate different vertical resolutions by operating at differ- 
ent vertical frequencies, usually 60 and 70 Hz. 


Flicker: Flicker occurs when the display is not refreshed at a fast enough rate. Specific items 
on the screen seem to appear and disappear at a high frequency. Flicker depends on the 
refresh rate, the ambient lighting, and very strongly on what the observer is used to. Many U.S. 
users notice flicker on PAL TV in Europe until they become adjusted. 


Fog Effect: An imaging effect where objects further from the observer are made less distinct, 
usually by being rendered with additional white. 


Frequency Synthesizer: An electronic circuit that can generate a number of frequencies from 
a fixed reference frequency. Some frequency synthesizers can generate only a relatively small 
number of frequencies; others can generate hundreds of different frequencies. 
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Glue Logic: Additional logic devices required to interconnect the major components of a sys- 
tem. 


Graphics Controller: On EGA and VGA, a section of circuitry that can provide hardware 
assist for graphics drawing algorithms by performing logical functions on data written to display 
memory. 


Graphics Mode: (Also APA) A display mode in which all pixels on the display screen can be 
controlled independently to draw graphics objects (as opposed to Text mode, in which only a 
pre-defined set of characters can be displayed). 


Hardware: A computing system is normally spoken of as having two major components: hard- 
ware and software. Hardware is the portion that executes the step-by-step procedure neces- 
sary to perform a particular task as instructed by the software. 


Hardware Occlusion: When graphics and video are mixed on a pixel-by-pixel basis, one is 
said to occlude, or overlay the other. This can be accomplished by mixing the images in soft- 
ware, but is more often done in the display pipeline. 


HERC (Hercules® graphics adapter) (HGC): The third display format standardized for the 
PC family of computers, following the MDA and CGA. It provides standard 80-character-by-25- 
row alphanumeric display, and 720 horizontal by 348 vertical pixels in Monochrome Graphics 
mode. It was designed as a replacement for MDA, and provided monochrome APA. Cirrus 
Logic BIOSs generally do not provide Hercules emulation. 


Hex Code, Hexadecimal: A numbering system using base 16. The allowable digits are 0, 1, 
2,3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, and F. A base 16 numbering system is useful because con- 
version to and from base 2 is trivial. Numbers written in base 16 are typically denoted by a 
prepended ‘Ox’ or an appended ‘h’. 


High Color: 15- to 16-bits-per-pixel color providing photo-realistic image quality. 


Interlaced: A graphics system in which the even scanlines are refreshed in one vertical cycle 
(field), and the odd scanlines are refreshed in another vertical cycle. The advantage is that the 
video bandwidth is roughly half that required for a non-interlaced system of the same resolu- 
tion. This results in less costly hardware. It also may make it possible to display a resolution 
that would otherwise be impossible on given hardware. The disadvantage of an interlaced sys- 
tem is flicker, especially when displaying objects that are only a single scan line high. 


Interpolation: A function that may be used to obtain additional values from sampled values. 


ISA (industry standard architecture): In reference to IBM-compatible computers, it was the 
definition of the standard bus until the introduction of VESA and PCI in the early 1990s. 


Linear Addressing: This is a modern method of addressing the display memory. The display 
memory (in the IBM PC world) was originally was located in a 128-Kbyte area from A000:0 
through BFFF:F, too small for the display systems of today with multi-megabyte memories. Lin- 
ear addressing allows the display memory to be addressed in upper memory, where a large 
contiguous area is set aside for it. 


Linear Interpolation: the process of determining the value of a point on a line based on the 
values of the two nearest adjoining points. 
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Luminance: The black-and-white (that is, brightness) component of a 2-channel video signal. 
The luminance of a color is the color wavelength (also known as ‘spectral radiance’) and its 
conversion to luminance values. The luminance component is often called the ‘Y’ component. 
See Chrominance. 


Mapping: Mapping refers to the definition of memory for storing data used by a particular 
Video mode. The range of addresses reserved for video information in IBM-compatible sys- 
tems is from A000:0 to BFFF:F. 


MBitBLT (Byte BitBLT): Byte BitBLTs are available at all pixel depths to simplify off-screen 
memory management, making large parts of typical drivers independent of the color depth. 
Byte BitBLTs are also called monochrome BitBLTs although they are not monochrome Bit- 
BLTs. 


MCGA (multicolor graphics array): A graphics adapter designed for the PS/2 series of per- 
sonal computers, with similar function to the CGA and downwardly compatible to the CGA at 
the BIOS, control register, and display memory levels. Like the VGA, the MCGA drives either 
an analog monochrome or analog RGB monitor. 


MDA (monochrome display adapter): The original display adapter marketed by IBM for per- 
sonal computers. MDA has no bit-mapped graphics capability. 


Memory-Mapped I/O: Using memory-mapped I/O, registers can be addressed in memory 
space. This is generally faster than using I/O cycles since more data can be transferred per 
access and the processors are often optimized for memory cycles. 


Monitor: Another term for a CRT display. 


Monochrome Modes: Uses one bit per pixel. ‘Two-color’ modes are similar to monochrome 
modes because they can display two colors; the two colors do not need to be black and white, 
sometimes they are amber or green with black. 


Motherboard: The large printed circuit board in a personal computer into which the adapter 
boards plug. It contains the CPU and core memory. It can also contain the video controller and 
a number of other peripheral controllers. 


Multiple-FIFO Architecture: A video controller architecture that is characterized by having 
multiple (two or more) FIFOs or Write Buffers. There is typically one FIFO or Write Buffer at 
the CPU interface and one or more FIFOs in the screen refresh stream. 


Multifrequency Monitor: A monitor that accommodates a variety of horizontal and vertical 
synchronization frequencies. This type of monitor accepts inputs from many different video 
display adapters, and is typically capable of either analog or digital input. 


Nibble: A group of four bits, typically contiguous. It can take any of 16 (24) values. 


Non-interlaced: A video system in which every pixel is refreshed during every vertical scan. 
A non-interlaced system is normally more expensive than an interlaced system of the same 
resolution, and is usually said to have a more pleasing appearance. 


NTSC (National Television Standards Committee): A color encoding scheme used for tele- 
vision. NTSC is used in North America and Japan, as well as some other areas. NTSC is often 
spoken of as a timing standard; it is an extension of RS-170. 
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Occlusion: The superimposition of individual pixels of graphics onto video or video onto 
graphics. The CL-GD5465 supports occlusion based on color key or chroma key. See also 
Chroma Key and Color Key. 


Offset: In the CL-GD546X, the MMIO offset of a register is the distance from the MMIO base 
address specified in PCI14. 


Off Screen: The frame buffer comprises two major classes of storage. These is the image 
being displayed at the moment; this is in on-screen memory. In addition, these are other things, 
such as fonts, the Z-buffer, texture maps, and images that are not being displayed; these are 
in off-screen memory. 


On Screen: See Off Screen. 
Overlay: The superimposition of video (typically live) onto computer generated graphics. 


Overscan: That portion on all four sides of the display between active video and blanking. The 
overscan area is also called the border. 


Packed Pixel: Color information for a pixel packed into one word of memory data. For a sys- 
tem with few colors, this packed pixel may require only a part of one word of memory; for very 
elaborate systems, a packed pixel might be several words long. See Planar. 


PAL: A color encoding scheme used for television. PAL is used in Europe (except France), as 
well as some other places. 


Palette: The range of colors available on the screen, not necessarily simultaneously. For VGA, 
this is either 16 or 256 simultaneous colors out of 262,144. For nearly all Cirrus Logic products, 
the palette is extended to 32,768, 65,536, or 16,777,216 simultaneous colors on the screen. 


Palette DAC: The triple eight-bit DAC with its associated lookup table. 
Pitch: The scanline-to-scanline byte address offset. Also called stride or offset. 


Pixel: An acronym for picture element, and is also called a pel. A pixel is the smallest addres- 
sable graphic on a display screen. In RGB systems, the color of a pixel is defined by some Red 
intensity, some Green intensity, and some Blue intensity. 


Planar: In video terms, the pixel color information is stored in four bits across four memory 
planes. This allows a maximum of 16 colors (24). See Packed Pixel. 


Primary RGB: The red, green, and blue bits that are present for a display image. 


RAM BIOS: The BIOS can be copied from relatively slow ROM into relatively fast RAM. When 
this is done, it executes faster, enhancing performance of the subsystem being controlled. 


RAM (random access memory): This term has come to mean any semiconductor memory 
whose write access time is approximately the same as its read access time. This is typically 
taken to include SRAMs (Static RAMs) and DRAMs (dynamic RAMs). This definition specifi- 
cally eliminates memories that cannot be altered at all and memories that require a special 
fixture for erasing (such as EPROMs). 


RDRAM (Rambus® DRAM): A DRAM technology characterized by a very high transfer rate. 
The the CL-GD546X family is designed to be used with RDRAMs. 
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RAS (row address strobe): A DRAM control signal. 


Refresh (Display or Screen Refresh): An image drawn ona CRT display remains visible only 
for a few milliseconds (the persistence of the screen phosphor), unless it is redrawn continu- 
ously. This process is called display refresh or screen refresh. Different displays use different 
refresh rates, but display refresh is normally required between 60 and 80 times a second to 
avoid any visible screen flickering. 75 times a second is a common refresh rate. In general, a 
higher refresh rate results in more stable appearing display. 


Register-Level Compatibility: If a peripheral is compatible at the register level with another 
peripheral, it means that every bit in every register of the two devices has precisely the same 
meaning. This implies that application programs can circumvent the BIOS and directly pro- 
gram registers in a peripheral device without functionality problems. Cirrus Logic controllers 
are register-level-compatible with the IBM VGA standard. 


Registers: In a VGA controller, these are the storage elements that contain data relating to 
the mode or configuration of the device, as opposed to the display memory that contains the 
image. Traditionally, the registers are divided into six groups: General, Sequencer, CRTC, 
Graphics Controllers, Attribute, and Extensions. The VGA registers are accessed by a number 
of addressing schemes, each involving an index or address register and a data register. In cur- 
rent Cirrus Logic products, extension registers are often addressable using memory-mapped 
I/O. 


Resolution, Color: The number of simultaneous colors is determined by the number of bits 
associated with each pixel in the display memory. The more colors, the more bits. If n bits-per- 
pixel are used, 2" color combinations can be generated. EGA uses from one to four bits-per- 
pixel, permitting up to 16 (24) colors to be displayed on the screen at the same time. The VGA 
has an added mode that supports eight bits-per-pixel, or 256 (28) simultaneous colors. Current 
Cirrus Logic products have additional modes that support up to 24 bits-per-pixel or 16,777,216 
(224) simultaneous colors. In addition, some modes use a fourth byte, the alpha byte. 


Resolution, Spatial: The number of pixels in an area or on the screen. Resolution is typically 
specified as pixels per scanline and scanlines per frame. Higher resolution images require 
more processing and greater storage requirements per image. In addition, monitor costs 
increase with resolution, particularly above about one million pixels. Different applications 
require different resolutions. 


RGB (red, green, and blue): Used with color displays, an interface that uses three color sig- 
nals (red, green, and blue), as opposed to an interface used with a monochrome display that 
requires only a single signal. Both digital and analog RGB interfaces exist. 


ROM (read-only memory): A type of memory that is characterized by not being alterable (see 
EPROM). ROMs are typically used to contain low-level programs that do not change, such as 
BIOS. 


ROP (Raster Operation): A BitBLT operation that combines source bytes with destination 
bytes, using various logic operations. See BitBLT. 


Saturation: In the HIS color scheme, saturation is the degree that the hue of a color appears 
to be undiluted by its complementary color. to form white. 


Scanline: Pixels on the screen that have the same vertical address are on the same scanline. 
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Simultaneous Colors: The number of colors in a display system that can be displayed on the 
screen at one time. This number is limited by the circuitry of the display adapter, and is some- 
times much smaller than the number of colors the display device can actually support. The 
number of simultaneous colors that a display adapter supports is normally determined by the 
number of color planes, or bits per pixel, that it uses. For example, a device with four bits-per- 
pixel supports 16 simultaneous colors. 


Sleep Mode: A VGA controller can be put to ‘sleep’ by writing a value to a particular bit of a 
particular register. The register is normally at address 3C3 or 46E8 in the IBM-compatible 
world. When a VGA controller is asleep, it responds to no further commands except a com- 
mand to wake up or a BIOS read. This allows two VGA controllers to share common 
addresses, so long as their sleep addresses and BIOS addresses are not the same. PCI uses 
a different sleep mechanism than do ISA and VESA VL-Bus. 


SMT (surface mount technology): A method of mounting devices (such as integrated cir- 
cuits, resistors, capacitors, and others) on a printed circuit board, characterized by not requir- 
ing mounting holes. Rather, the devices are soldered to pads on the printed circuit board. 
Surface-mount devices are typically smaller than the equivalent through-hole devices. 


Software: A computing system is normally spoken of as having two major components: hard- 
ware and software. Software is that portion that instructs the hardware in the step-by-step pro- 
cedure necessary to perform a particular task. 


Swizzle: To swap bits within a byte. For example, bit 7 with bit 0 and bit 0 with bit 7; bit 6 with 
bit 1 and bit 1 with bit 6; bit 5 with bit 2 and bit 2 with bit 5; bit 4 with bit 3 and bit 3 with bit 4. 


SVGA (Super VGA): Graphics adapters that extend the capabilities of the features provided 
by the original IBM VGA. The first Super VGA provided a 640 x 480 x 256-Color mode. 


Texel: The entries in the texture map in the TLUT. Texel is derived from texture pixel. 


TLUT (texture lookup table): Translates texel values from the display memory into color infor- 
mation for the CRT display. 
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Transparent BitBLT: A type of BitBLT that uses chroma keying (a type of masking) to combine 
two sources of data. In the figure that follows, where the chroma key is: 


e Not detected in source 1, data is taken from source 1. 
e Detected in source 1, data is taken from source 2. 


SOURCE 1 CHROMA KEY SOURCE 2 


_.f ae 
___} 


COMBINATORIAL LOGIC 


| 
4 


Figure E1-1. Chroma Key: Transparent BitBLT 





























True Color: 24-or 32-bits-per-pixel color providing photo-realistic image quality. 


TTL (transistor-transistor logic): A collection of logic families developed beginning in the 
1960s. TTL is gradually being replaced with CMOS for all but the fastest or most cost-sensitive 
applications. 


VCLK: The internal signal operating at the pixel rate. 


Vertical Retrace: The time interval immediately following the completion of a complete frame 
(or field for an interlaced display). The electron beam returns to the top of the display screen 
in preparation for the next frame or field during this period. 


VESA® (Video Electronics Standards Association): A consortium of CRT monitor vendors, 
graphics chip vendors, and graphics software vendors that set hardware and software stan- 
dards for PC-compatible graphics monitors and software interfaces. Cirrus Logic is an active 
participant on many of the VESA committees. 


VGA (video graphics array): The VGA standard was introduced by IBM in 1987. In the IBM 
definition, the maximum spatial resolution is 640 x 480 (modes 11 and 12), and the maximum 
color resolution is 256 colors (mode 13). Now the spatial resolution is enhanced or extended 
through third party chip vendors to 1600 x 1200 with up to 16,777,216 colors. 
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Video Capture: The act of transferring a video stream to the frame buffer. Once captured, 
video is typically displayed in realtime or transferred to a disk for later display or analysis. 


Video Pipeline: The hardware that fetches data from the frame buffer, processes it (for exam- 
ple, YUV-to-RGB color space conversion or zoom), and presents it to the DAC for conversion 
to analog and display. This term is used at Cirrus Logic to include the hardware used to pro- 
cess graphics information, as well as video information. 


Video Stream: Video information taken over an extended time (many frames). 


Video Window: An area of a computer display screen that has been allocated for an overlay 
image. The video window can be positioned anywhere on a display screen. 


VLSI (very large scale integration): The technology of manufacturing integrated circuits 
(chips) with thousands of transistors on a single device. The personal computer was made 
possible because of VLSI technology. 


VRAM (video random access memory) (dynamic): Memory chips with two ports, one used 
for random accesses and the other capable of serial accesses. Once the serial port has been 
initialized (with a transfer cycle), it can operate independently of the random port. This frees 
the random port for CPU accesses. The result of adding the serial port is a significantly 
reduced amount of interference from screen refresh. VRAMs cost more per bit than DRAMs. 


Wait State: When a system processor is reading or writing a memory or peripheral device that 
cannot respond fast enough, one or more time intervals (typically on the order of tens of nano- 
seconds each) are inserted during which the processor does nothing but wait for the slower 
device. While this has a detrimental effect on system throughput, it is unavoidable. The number 
of wait states can be reduced using techniques such as CPU-bus caches or write FIFOs. 


Word: The amount of memory that a given computer can access in a single cycle. In the IBM- 
compatible world, this is either 16 or 32 bits. 


Write Buffer: A term used in the CL-GD546xX literature to denote the buffer that is logically 
positioned between the CPU interface and the display memory. 


YCrCb: A color space defined in CCIR601. The ‘Y’ stands for the black-and-white (also called 
the ‘luminance’) component of the color space. ‘Cr’ and ‘Cb’ are respective scaled versions of 
‘U’ and ‘V’, the color (also called ‘chrominance’) components in the YUV color space 


YUV: A color space format generally associated with broadcast television. The ‘Y’ stands for 
the black-and-white (also called ‘luminance’) component of the color space. The ‘U’ and ‘V’ 
stand for the color (also called ‘chrominance’) components of the color space. 


Z-Buffer: The depth buffer. This is an array that have an entry for each pixel on the screen. 
Each entry contains a value that indicates the depth (that is, how far from the observer) of the 
corresponding pixel. 
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INDEX 


Numerics 
14.31818-MHz reference clock 2-13 
16-bpp 
55:5 13-5 
5:6:5 13-5 
color depth 9-47, 9-48 
RGB 2-13 
24-bpp 
8:8:8 13-6 
color depth 9-47, 9-48 
RGB 2-13 
256-color mode. See modes 
2D accelerator engine clock enable 5-27 
2D Graphics Accelerator registers. See the register 
index 
2D graphics engine 
BitBLT diagram 14-2 
drawing operation 9-5 
frame buffer 13-2 
frame buffer, programming model 14-4 
initialization 14-20, 18-3 
model and data flow diagram 14-3, 15-7 
overview 14-2 
programming model 13-2, 14-2 
32-bpp 
a:8:8:8 13-6 
color depth 9-47, 9-48 
3D Graphics Accelerator registers. See the register 
index 
3D graphics engine 
block diagram 15-8 
clock enable 5-27 
events 15-78 
frame buffer 15-2 
functional description D1-21 
instruction set 15-39 
instructions 10-137 
memory organization 15-30 
model and data flow diagram 15-7 
opcode 10-52 
operating parameters 10-57 
parameters 10-137 
programming examples 15-74 
programming model 13-8 
status 10-91 
texture data 10-138 
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3D rendering 
Gouraud shading 15-14 
lines 15-8, 15-28 
overview 15-8 
points 15-28 
polygons 15-10 
quadrangles 15-27 
4-Kbyte granularity 4-9 
6-bit palette entries 18-22 
8-bit palette entries 18-22 
8-bpp 
color depth 9-47, 9-48 
grayscale 13-4 
lookup table 18-20 
palettized 13-4 
A 
a:8:8:8 mode. See modes 
A_Main accumulator delta value 10-39 
A_Ortho accumulator delta value 10-41 
absolute maximum ratings D1-34 
ACPI support 18-25 
address 
decoder 2-6 
translation block 7-12 
translation logic 7-11 
wrap 3-48 
addressing chain-4 4-6 
AGP 
bus configuration 5-24 
capability 5-20 
compliance 5-20 
host 5-15 
mode 5-24 
pins D1-12 
single load specification B3-4 
alpha blending 10-60, 10-88, 10-94, 15-21, D1-1, 
D1-22, D1-25 
alpha channel 9-46, 11-30 
analog signals B1-7 
anchored patterns 9-32 
architecture internal 15-4 
ASCII. See inside rear cover 
asynchronous reset 3-16 
attribute byte 3-28, 3-68 
attribute controller 
blink 3-67 
index 3-52, 3-53, 3-65 
toggle 3-52 
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auto-BitBLT 
arm 9-12 
arm/trigger mechanism 9-7 
definition 9-12 
enable 9-7 
features 14-22-14-24 
header 14-24 
normal BitBLT 9-18, 9-24 
RDRAM 14-24 
stretch BitBLT 9-18, 9-24 
triggered 8-18, 9-12 
window 2 8-15 
window 3 8-13 
auto-calibration circuit 6-6 
automatic capture buffering 16-25 
B 
background color 3-67, 9-48, 19-25 
bandwidth, full 3-17 
base point 
alpha value 10-38 
lighting value 10-38 
BBS (bulletin board service) C2-2 
BCLK 
clock 7-9, 7-10 
denominator 7-10 
equation 18-9 
multiplier 7-9, 7-10 
bi-endian support 2-6, 13-6, 15-6 
BIOS 
bus support 19-2 
Cirrus Logic 4-14, 8-5, 8-24 
Cirrus Logic functions 19-8, 19-93 
data area assignments 19-60 
DDC 19-11 
DDC functions 19-91 
defining modes in RAM 19-104 
EDID 19-92 
EGA/VGA adapter 19-58 
EPROM B2-4 
EPROM, AGP B3-4 
expansion 19-58 
hard disk 19-58 
I/O port assignment 19-63 
inquire version number 19-93 


interrupt vectors 19-14, 19-59, 19-65 


memory map 19-58 
mode selection 19-104 
mode switching 19-8 
modes support 19-3 
network 19-58 
peripheral 19-58 
planar 19-58 
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BIOS (cont.) 


PM functions 19-7, 19-87 
processing 19-104 
read D1-24 
register mapping 19-9 
requirements 19-2 
ROM 19-59 
SCRATCHPAD register usage 19-10 
size B4-6 
supplemental structure parameters 19-104 
support 19-2, D1-3 
VBE functions 19-70 
VDIF 19-92 
VESA extensions 19-7, 19-66, 19-70, 19-87, 
19-91 
VESA/VBE report capabilities 19-91 
VGA 
configurations 19-12 
customization 19-12 
Direct-Color support 19-11 
extended mode support 19-11 
function calls 19-58 
functions 19-5 
high performance 19-11 
segment C000 power-up initialization 19-13 
segment E000 power-up initialization 19-13 
system integration 19-12 
video functions 19-15 
voice communication 19-58 


bit swizzle 14-5 
BitBLT 
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2D graphics engine 14-6 
64-bit three operand 2-7 
auto-BitBLT 9-18, 14-22—-14-24 
See also auto-BitBLT 
byte 
color fills example 14-19 
description 14-14 
to off-screen cache example 14-19 
byte resize 9-56 
chain 9-18, 9-24 
color pattern example 14-18 
color transparency example 14-19 
control registers 14-7 
decimation 9-19, 9-24 
destination definition 9-37 
destination operand 9-38 
direction 9-37 
engine, overview 14-2 
extend 9-53 
functional description D1-21 
header 9-18, 9-24 
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BitBLT (cont.) 
height 9-53, 9-54 
host 14-13 
host-to-screen 9-61 
interpolation 9-16, 9-19, 9-24 
luminance enhancement for YUV-to-RGB resize 
17-7 
M (Mbyte) operations 9-55 
MBitBLT 14-14 
monochrome 9-40 
monochrome pattern 9-30 
monochrome-to-color 9-47, 9-48 
monochrome-to-color conversion 14-11 
monochrome-to-color example 14-18 
OP0-2 source 9-38, 9-39 
operation 14-2 
pattern enable 9-38 
pattern offset 9-32 
patterns 14-12 
phase 9-40 
pixel format 9-19 
programming examples 14-15 
programming overview 14-8 
replication 9-19, 9-24 
resize 
chroma-key programming 17-5 
format conversion 17-4 
location 9-12 
luminance enhancement for YUV-to-RGB 
17-7 
Mbyte 9-56 
mirroring operations 17-7 
operation 17-2 
parameter address 9-12 
programming 14-22 
required parameters 9-18, 17-3 
translate operations 17-6 
width 9-34 
XY extents 9-54 
ROP 9-36, 9-38 
saturation 9-36 
screen-to-host 9-61 
shrink 2-8, 9-19, 9-24 
SRAM address 9-33 
start operation 9-53 


stretch 2-8, 9-19, 9-24, D1-21, D1-22, D1-24 


stretch and shrink 14-8 
text 


foreground and background color example 
14-17 


monochrome font from host example 14-17 


transparent background example 14-17 
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BitBLT (cont.) 
three operand 2-2, 9-37, D1-1 
transparency 9-36, 9-39 
transparent 14-12, D1-24 
width 9-53, 9-54 


window 3 8-12 
XY extents 9-53 
bitmap 


base address 10-111 
linear 10-114, 10-115 
pitch 10-118 
BITMASK register. See the register index; 2D 
Graphics Accelerator 
blackness 9-36 
blank end extensions enable 4-5 
blanking control 4-5 
blinking attributes B5-3 
blinking bit 19-28 
block diagram D1-21 
board designs 
AGP B1-2 
PCI B1-2 
stacking B1-6 
testability D1-25 
border color 3-69, 19-25 
boundary scan pins D1-19 
buffer get size for video state 19-56 
bus master 
back-to-back capable 5-5 
enable 5-5 
master-abort 5-6 
target-abort 5-6 
bus slave target-abort 5-6 
buses 
AGP D1-5 
HIFBUS 15-4 
host 2-6, 15-4 
host bus configuration B4-5 
2c B3-8, D1-23 
I?C bus interface B2-9 
I?C port 2-14, B2-7 
memory 15-4 
PCI 
adapter card B1-3 
configuration B8-2 
connections B2-2 
master reads 10-134 
master writes 10-133 
paged master access 10-134 
pin information D1-5 
pinsummary D1-6 
retry 5-31 
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buses (cont.) 
PCI (cont.) 
timeout 9-10 
wait states 5-31 
RIFBUS 15-4 
serial bus A (I°C) 7-7 
serial bus B (I2C) 7-8 
timeout enable 9-10 
VMI host interface configuration B4-5 
byte pan 3-33 
byte swapping 10-133 
Cc 


cache flush 7-13 
capabilities pointer 5-17 
capability identifier 5-20 
capacitors 
ceramic B1-6 
decoupling B1-6 
filter B1-6, B2-11, B3-9 
capture. See video capture 
case size 0805 surface mount B1-7 
ceramic capacitors B1-6 
CGA compatibility 3-49, 3-60 
chain odd maps to even 3-62 
character 
address counter 4-6 
blinking 3-67 
cell 3-36, 3-67 
cell height 3-34 
CGA character set 19-14 
clock 3-17, 3-25, 3-48 
code 3-28 
counter 3-25, 3-30 
graphics character table 19-14 
height 3-34 
mapping 3-19, 3-20 
read function 19-23 
row 3-33 
write function 19-23 
character cell 
height 3-36 
text cursor and 3-35 
character clock adjustment 8-3 
characteristic impedance B1-6-B1-14, B2-6—-B2- 
10, B3-5-B3-8 
chip architecture 2-5 
chroma key 9-25, 9-26, 11-21, D1-22, D1-23 
chroma-key programming for resize BitBLTs 17-5 
CL-GD542X VGA family compatibility 2-11 
CL-GD543X/’4X VGA family compatibility 2-11 
CL-GD5464/'62, differences from the CL-GD5465 
17-2 
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CL-GD5465s, using multiple 18-22 
clipping 14-21 
clipping rectangle programming 10-92-—10-93 
CLMODE C1-2 
clock 
14.31818-MHz reference 2-13 
pixel clock 2-13 
See also DCLK;MCLK;VCLK 3-17 
skew B1-8 
clock enable 
2D accelerator engine 5-27 
3D graphics engine 5-27 
Extended mode graphics pipeline 5-27 
Front end stretch engine 5-27 
RAMDAC block 5-27 
VGA graphics pipeline 5-27 
video window pipeline 5-27 
V-Port module 5-27 
clock pins D1-19 
clock select 3-6 
clocks 
character clock adjustment 8-3 
memory 7-5 
Rambus (BCLK) 7-9, 7-10 
clock-to-data skew B1-8 
color 
background 9-48 
border 8-5 
cursor 8-5 
depth 9-47, 9-48 
foreground 9-47 
location control 10-69 
pattern 14-18 
patterning 10-88, 10-94 
saturation 10-64, 15-20 
transparency 14-6, 14-19, 15-18 
color bit C 3-72 
color buffer 
X address computation 10-70 
Y address translation 10-71 
color compare 
logic 3-60 
mapping blue component 10-66 
mapping green component 10-65 
mapping red component 10-64 
plane 3-57 
color don’t care plane 3-63 
color expansion D1-21 
color key 11-21, D1-22, D1-23 
color plane enable 3-70 
color-space conversion D1-21 
command pipe 9-6 
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command queue 2-6, 15-5 
compatibility 

CGA 3-49, 3-60 

EGA 3-60, 3-66 

hardware 2-15 

Hercules 3-49 

MDA 3-62, 3-68 

pixel panning 3-67 

software 2-15 

VGA 4-6, D1-25 
concurrent RDRAMs 6-3 
configuration 

6-bit palette DAC 18-22 

8-bit palette DAC 18-22 

bits B4-2 

interleave values 18-4 

memory 18-5 

resistors B2-11, B2-12, B3-10 

summary B4-2, D1-30 

system-level considerations 18-22 

tables D1-26 
configuration pins 

RA15 B2-11, B2-12, B3-10 

RA3 B2-11, B2-12, B3-10 

RA4 B2-11, B2-12, B3-10 

RA5 B2-11, B2-12, B3-10 

RA6 B2-11, B2-12, B3-10 
control instructions 15-41 
CONTROL register. See the register index; 2D 

Graphics Accelerator 

conventions 

abbreviations 1-3 

acronyms 1-3 

numeric naming 1-5 
coprocessor direct programming 10-52 
Coprocessor Indirect Programming mode 13-8 
copy frame buffer-to-host example 14-18 
copy host-to-SRAM-to-frame buffer example 14-18 
count by four 3-45 
count by two 3-48 
CPU addressing 19-58 
CPU bus 3-58 
CRTC 

address counter 3-48, 3-49 

compatibility 2-14 

description D1-23 

horizontal counter test 8-28 

scan double 3-34 

timing enable 3-48 

timing logic 3-48 

vertical counter 10-130 

vertical counter test 8-29 
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CRTC programming 
BCLK 18-9 
non-standard timing parameters 18-9 
timing generation 18-7 
VCLK 18-9 
VESA timing specifications 18-7 
CSYNC enable 8-22 
cursor 
address 8-23 
attribute at position function 19-23 
colors 8-5 
enable/disable 8-22 
enable/disable emulation 19-48 
horizontal position 8-19 
offset 8-21 
planes 8-23 
start 3-34 
vertical position 8-20 
write character at 19-24 


DAC 
characteristics D1-36 
external 8-5 
full scale 8-9 
palette 8-5 
power down 8-5 
sensing 3-8 
state 3-12 
data generator 4-16 
data latches 3-51 
DC specifications D1-35 
DCLK 3-17, 12-10 
DDA (digital differential analyzer) 15-8 
DDC 2-14, 19-11, B2-7, B3-5, D1-24 
decoupling capacitors B1-6 
depth buffer 10-70 
destination operand 9-38 
device ID 5-4 
device revision code 19-94 
diagnostic 3-9 
diagnostic bits 3-70 
dielectric constant B1-14 
digital differential analyzer 15-8 
Direct Programming mode. See modes 
display 
buffer switch 10-130 
combination code 19-50 
data shifters 3-17 
disable 8-5 
double buffered start address 4-4 
double buffering 16-25 
list 10-126 


F1-6 Copyright 1997 — Cirrus Logic Inc. 


CL-GD5465 Technical Reference Manual 


display (cont.) 
list instruction status 10-120 
VGA core, pipeline 2-12 
display adapters, using other 18-22 
display enable 3-7, 3-9, 3-30, 4-5 
display enable skew 3-28 
Display List Programming mode. See modes 
display memory 
address 4-6 
bandwidth 3-17 
enable 3-6 
interface B2-4, B3-4 
interleave mode 8-24 
offset 4-7 
planes 3-55 
refresh 3-16, 3-17 
screen start 3-37 
size 2-2 
write enable 3-64 
XMA address 4-9 
display mode. See modes 
display refresh D1-24 
display switching 19-58 
display type 3-68 
display type configuration 19-12 
double buffering with temporal decimation 16-27 
DoubleWord mode. See modes 
drawing 
instructions 15-40 
lines 15-8, 15-28 
points 15-28 
polygons 15-10-15-15 
quadrangles 15-27 
triangles 15-10-15-14 
drawing operations 
color-to-monochrome conversion 9-36 
to host memory 10-130 
transparency 9-36 
dword D1-22 
E 
EGA compatibility 3-60 
EGA/VGA adapter BIOS 19-58 
electrical specifications D1-34 
enhanced V-Port 2-12 
expansion BIOS 19-58 
expansion ROM 5-16 
extended address wrap enable 4-6 
extended memory 3-21 
Extended mode graphics pipeline clock enable 5-27 
extended video modes. See modes 
external bus enable port 6-5 
external device control D1-24 
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F 
feature connection data select B4-5 
feature connector 2-15, B2-8, B3-6 
feature connector enable B4-6 
FIFO 
command 10-125 
data command 9-8 
display 8-24 
read/write 9-6 
write 9-15 
filter capacitors B1-6 
filters ferrite bead B1-5, B1-6 
fixed lighting 10-89 
fixup function 19-100 
flat (unshaded) polygons 15-10 
flat frame buffer 13-3 
fog D1-1 
font 
get pointer information 19-44 
load 8x 14 ROM 19-34 
load 8 x 14 ROM and reprogram controller 19-38 
load 8 x 16 ROM 19-36 
load 8 x 16 ROM and reprogram controller 19-40 
load 8x 8 ROM 19-34 
load 8 x 8 ROM and reprogram controller 19-39 
load user text 19-33 
load user text and reprogram controller 19-37 
loading example 14-17 
tables 19-12 
foreground color 9-47 
format conversion resize BitBLTs 17-4 
frame buffer 
2D graphics engine 13-2 
8-bit 8-7 
accesses 7-13 
base address 5-12 
chain4 addressing 4-13 
flat 13-3 
independent 8-22 
initialization 18-3 
mask 10-76 
set/get physical address 19-101 
write enables 9-49 
frequency range B1-9 
frequency synthesizer 
CRTC timing 2-13 
pixel clock 2-13 
Rambus 2-13 
VCLK 2-13 
Front end stretch engine clock enable 5-27 
function calls for the palette DAC 18-21 
function select 3-58 
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functional description D1-21 
functions 
Cirrus Logic BIOS 19-93 
VESA BIOS 19-70 
VESA DDC BIOS 19-91 
VESA PM BIOS 19-87 
VGA BIOS 19-18 
G 
gamma correction 2-12, 8-9, 12-36 
general-purpose I/O 
accesses B8-6 
byte lanes B8-6 
configuration 2-15 
cycles B8-6 
port 2-6, D1-21 
GENLOCK support 8-3 
Gouraud shading 15-14, D1-1, D1-22, D1-25 
graphics accelerator, register apertures 10-2 
graphics character table 19-14 
graphics controller 
CGA compatibility 3-60 
display data shifters 3-17 
index 3-54 
graphics data latch 3-51 
graphics depth 8 bpp 8-7 
graphics engine 
2D 2-7, D1-22, D1-23 
3D 2-7, D1-24 
graphics pixel format 8-7 
graphics system block diagram 15-2 
ground plane B1-5, B1-9, B2-10, B3-8 
H 
hard disk BIOS 19-58 
hardware clipping 14-21 
hardware cursor 
functions 18-14 
linear offset in tiled mode 18-14 
mouse pointer 18-11 
operation 18-11 
planes 18-12 
programming example 18-14 
header files 
3D register 15-74 
Igregs.h 14-19 
Igtypes.h 14-19 
Hercules compatibility 3-49, 3-62 
high bandwidth B1-2 
high frequency 
characteristics B1-6 
interconnection B1-7 
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horizontal 
active time 18-10 
blank start 18-10 
counter 8-28, 18-10 
position of cursor 8-19 
timing 2-14 
timing generator 3-25 
total 3-25, 3-28, 4-3, 4-8 
horizontal blanking 
end 3-28, 3-30, 4-4 
end overflow 4-4 
period 3-28, 3-30 
start 3-27, 4-8 
horizontal display 
end 3-26, 3-29, 4-8 
resizing factor 11-7 
horizontal sync 
delay 3-30 
end 3-30 
See also HSYNC 
start 3-29, 3-30, 4-8 
horizontal total 3-29, 3-30 
host 
CPU interrupt enable 10-124 
interface 15-5, D1-22 
memory XY bitmap base address 10-111 
texel 10-74 
host BitBLT. See BitBLT 
host bus. See buses 
HOSTDATA 14-15 
HostXY unit 10-110, 10-118, 15-5 
HSYNC 
delay 3-30 
display memory bandwidth 3-17 
filters on B2-7, B3-5 
GENLOCK enable 8-3 
polarity 3-5 
start 3-29 
static programming 4-4 
I 
I/O mapped registers. See the register index; VGA 
Core and Extended I/O 
FG 
interface B3-8 
°C bus. See buses 
IBM I/O register test. See utilities 
IBM VGA adapter compatibility 2-11 
ID, revision 5-8 
incremental line-drawing algorithm 15-8 
indexed I/O registers. See the register index 
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initialization 
2D graphics engine 14-20, 18-3 
6845 19-14 
frame buffer 18-3 
Rambus 18-2 
instructions 
3D instruction set 15-39 
Afield 10-137 
BRANCH 10-129 
buffer 10-123 
control 15-41 
descriptions 15-48-15-73 
drawing 15-40 
list 15-48 
M field 10-137 
modifier 10-100 
read/write register 15-43 
summary 15-39 
transfer 15-40 
INT10h 19-15 
interlace end 4-3 
interlaced 
timing 4-4 
timing enable 4-4 
video 3-34 
interleave 
four-way 18-4 
memory tile 18-4 
mode. See modes 
one-way 18-5 
two-way 18-5 
interleaving 8-23 
interpolated 
color 10-74 
lighting 10-39 
RGB 10-74 
X pixels 9-19 
Y lines 9-19 
interrupt 
10h 19-15 
host CPU enable 10-124 
pending 3-8, 3-42 
pin 5-19 
vectors 19-14, 19-59, 19-65 
L 
latency timer 5-10 
Igregs.h. See header files 
Igtypes.h. See header files 
lighting 
fixed 10-89 
specular 15-20 
stage 15-20 
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line 
acceleration D1-21 
compare 3-32, 3-34, 3-42, 3-50, 3-67 
draw algorithm 15-8 
drawing 15-28 
graphics enable 3-67 
mask pattern 10-96 
linear offset equation 18-19 
LINECTL register. See the register index; 2D 
Graphics Accelerator 
luminance enhancement for YUV-to-RGB resize 
BitBLTs. See BitBLT 
LUT 3-72, 11-35 
M 
main slope 15-10 
major axis 15-8 
map enable 3-18 
mapping 
perspective 15-24 
texture 15-24 
master I/O XY operations 10-111 
master-abort 10-134 
maximum screen parameters 13-3 
MBitBLT (monochrome BitBLT). See BitBLT 
MCLK, use for VCLK 4-18 
MDA compatibility 3-68 
memory 
3D graphics engine organization 15-30 
access enable 5-5 
address counter 3-45, 3-48 
bus 15-4 
clocks 7-5 
controller, Rambus D1-22 
DOS map 19-58 
interleave 9-11 
map start address 3-62 
set 4-Kbyte aperture 10-2 
tile interleave setup 18-4 
MFGTST.EXE. See utilities 
microstrip B1-11 
mirroring 11-32 
mirroring operations 17-7 
mixed-signal circuits B1-2 
MMIO (memory-mapped I/O) registers. See the 
register index 
modes 
13h 4-13 
16-bit pixel 3-72 
16-bpp 10-64 
16-bpp alpha 9-46 
16-color 3-60 
16-color text 3-66 
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24-bit pixel 3-72 
256-color 3-60 
2D operational 9-21 
8-bit pixel 3-72 
8-bit Z 10-23-10-25 
8-bpp 10-64 
8-bpp alpha 9-46 
8-bpp LUT D1-23 
8-bpp mapped 10-62 
8-bpp packed pixel 4-13 
a:5:5:5 9-46, 10-74 
a:8:8:8 9-21, 9-46, 10-39-10-42, 10-74 
AGP 5-24 
alpha blending 10-61 
alphanumeric 3-26, 3-62, 3-68, 3-71 
bi-endian master 10-133 
BIOS 
Cirrus Logic 19-3 
SVGA 19-3 
VESA 19-3 
byte 3-48 
CGA 3-62, 3-69 
chain4 4-13 
color 3-6 
compatibility (CGA) 3-49 
coprocessor 10-129 
Coprocessor Indirect Programming 13-8 
destination color compare 10-61 
Direct Data D1-23 
Direct Programming 13-8 
Direct-color 19-11 
display D1-26 
display list 10-2 
display list fetch 10-125 
See also modes; instruction fetch 
Display List Programming 13-9 
DoubleWord 3-45 
EGA 3-21, 3-62, 3-69 
Even 3-21 
even addressing 3-60 
extended display 5-29 
extended modes in RAM 19-103 
extended video D1-27 
fixed alpha 10-39-10-41 
full-color texel 10-77 
graphics 3-26, 3-62, 3-66, 3-68, 3-71 
Hercules 3-62 
HostXY 10-129 
idle/coprocessor 10-2 
instruction fetch 10-125, 10-135 
See also modes; processor 
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modes (cont.) 


interlaced video 3-34 
interleave 7-11, 8-24 
linear 18-14 
MDA 3-62 
mode 13 3-67 
monochrome 3-6 
non-indexed 10-88 
NTSC 5-23 
Odd 3-21 
odd addressing 3-60 
PAL 5-23 
palettized 8-bpp 2-12 
PCI 5-24 
PCI bus-mastering 10-2 
PCI pad B4-6 
pixel data 
24-bpp 10-64 
3:3:2 10-63, 10-64 
5:6:5 10-63, 10-64 
a:5:5:5 10-63, 10-64 
a:8:8:8 10-63, 10-64 
mapped 10-63 
Z:8:8:8 10-63 
processor 10-125, 10-129 
See also modes; instruction fetch 
RCLK test mode 5-24 
read mode 0 3-59, 3-60 
read mode 1 3-57, 3-60 
resize and reformat 9-21 
shift register 3-60 
standard VGA 19-18 
standard VGA video D1-26 
test 8-26 
texel 
4-bpp mapped 10-72 
8-bpp mapped 10-72 
text, select scanlines for 19-47 
texture 
4-bpp mapped 10-72 
8-bit 3:3:2 10-78 
8-bpp mapped 10-72 
tiled 19-102 
tiled hardware cursor 18-14 
True Color 19-11 
VCLK test B4-6 
VGA 3-62 
VGA mode 13 3-71 
video mode 
0, 1, 4, 5, D, dot clock setting 3-17 
4,5 3-60 
availability 19-96 
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modes (cont.) 
video mode (cont.) 
parameter tables 19-12 
switching. See BIOS, mode switching 
video set 8-24 
VMI mode A 7-6 
VMI mode B 7-6 
word 3-48 
write mode 0 3-55, 3-58, 3-61, 3-64 
write mode 1 3-61 
write mode 2 3-61, 3-64 
write mode 3 3-55, 3-58, 3-61, 3-64 
X 8-bpp 4-13 
x:5:5:55 9-21 
z 8:8:8 10-60 
Z COLLISION 10-68 
Z_ON 10-68 
monitor 
identification 18-23 
pins D1-18 
read ID/type 19-97 
set type (horizontal) 19-100 
set type (vertical) 19-98 
monochrome 
data swizzle 9-6 
display attributes 3-68 
pattern transparency mask example 14-19 
transparency 14-6 
monochrome-to-color 
BitBLT example 14-18 
conversion BitBLT. See BitBLT 
expansion programming model 14-6 
motherboard design B1-4 
mouse pointer. See hardware cursor 
multilayer boards B1-5 
multiplex feature connector 5-25 
N 
network BIOS. See BIOS 
non-paged acceses 10-134 
NTSC E1-10 
O 
occlusion 11-21, 11-31, 16-23 
odd/even mode. See modes 
OEM system integration. See utilities 
OEMSI utility. See utilities 
offset 
24-bit color modes and 4-5 
display memory 3-44 
extension bit 4-7 
granularity 4-11 
register 1 enable 4-11 
Y component 9-9 
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OFFSET_2D register. See the register index; 2D 
Graphics Accelerator 
OFU (operand function unit) 9-47 
opcodes 
3D graphics engine 10-52 
CLEAR 10-137 
DRAW_LINE 10-137 
DRAW_POINT 10-137 
DRAW_POLY 10-137 
NOP 10-137 
WRITE_REGISTER 10-137 
operand function unit 9-47 
operands 
destination 9-38 
OPO 9-30 
OP1 9-30 
OP2 9-30 
pattern 9-39 
source 9-38 
ordering information D1-48 
P 
package specifications D1-47 
page 
memory address select 3-6 
select color 19-30 
palette 
access 8-5 
CGA set 19-25 
DAC 2-12, 3-10, 3-14 
enable/disable default loading 19-47 
entries 3-66 
function calls 18-21 
I/O ports for entries 18-12 
programming 
6- or 8-bit entries 18-22 
8-bpp LUT 18-20 
select set 19-25 
state 8-5 
panning 3-33, 3-50, 3-71 
parts placement B1-2 
patterns 
BitBLT 14-12 
how to store 14-5 
offset for anchored 9-32 
programming model 14-5 
PCB geometry B1-12 
PCI 
adapter card B1-3 
bus master cycles 10-117 
bus. See buses 
class code 5-9 
host 5-15 
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PCI (cont.) 
interrupt B2-3 
interrupt line 5-18 
master-abort detection 10-134 
mode 5-24 
pins D1-6, D1-12 
single load specification B2-4 
target-abort detection 10-134 
performance notes D1-24 
peripheral 
8-bit transfers B8-2 
connections B8-2 
peripheral BIOS. See BIOS 
perspective mapping 15-24 
physical memory 
addressing 15-37 
translation 15-37 
physical V-Port 12-4—-12-10, 16-2 
pin information 
pin descriptions D1-12 
pin diagram D1-5 
pinsummary D1-6 
pin type listing D1-6 
pinscan B6-2 
pins 
AGP D1-12 
boundary scan D1-19 
clock D1-19 
connections 
DDC2B A1-2 
PCl bus A1-4 
standard VGA A1-2 
VESA pass-through A1-3 
VGA, DB15 Al-2 
DACVDD B2-11, B3-9 
enhanced V-Port 
BLANK# 3-17 
DCLK 3-6 
EDCLK# 3-6 
host interface, AGP bus 
RD B3-4 
ROMCS# B3-4 
host interface, PCI bus 
INTA# B2-3 
pin scan order B6-3, B6-4, B6-5, B6-6 
pinsummary D1-6 
RD B2-4 
ROMCS# B2-4 
RST# B4-2 
INTA# 5-19 
monitor D1-18 
Pcl D1-12 
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power and ground D1-11, D1-19 
Rambus 
Channel A 
CCTL B1-7 
descriptions D1-16 
information D1-8 
RARCLK B1-7 
RATCLK B1-7 
RAVREF B1-7, B1-9 
Channel B 
description D1-17 
information D1-8 
RABVDD B2-11 
SOUT B1-8 
VTERM B1-7, B1-9 
ROM D1-14 
TV output D1-18 
video 
CSYNC 8-22 
HSYNC 3-5 
IREF B2-13, B3-11 
P[23:0] 8-5 
REXT B2-13 
VSYNC 3-5, 3-7, 4-16 
VMI D1-14 
VMI host interface connections B8-3 
pitch 11-20, 12-29, 18-3 
pixel 
16-bpp 5:5:5 13-5 
16-bpp 5:6:5 13-5 
24-bpp 8:8:8 13-6 
32-bpp a:8:8:8 13-6 
8-bpp 
grayscale 13-4 
palettized 13-4 
clock 8-7 
color data 14-4 
component-compare 9-51 
data 3-14, 8-5 
depth 8-7, 9-47, 9-48 
double clock select 3-67 
frequency 18-10 
mapping 13-4 
mask 3-10 
panning 3-71 
ROP 14-2 
timing equation 18-10 
planar BIOS. See BIOS 
plane select 3-59 
playback and capture by the V-Port D1-24 
playback by the host bus D1-24 
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pointer 
get font information 19-44 
set ROM 8 x 14 graphics font table to INT43h 19- 
43 
set ROM 8 x 16 graphics font table to INT43h 19- 
44 
set ROM 8 x 8 font table to INT43h 19-43 
set user’s graphic font table to INT1Fh 19-41 
set user’s graphics font table to INT43h 19-42 
pointers 19-6-19-103 
polygon 
base point 10-27 
drawing 15-10-15-15 
engine as light source 10-77 
flat (unshaded) 15-10 
patterned 10-88 
source alpha blend constant 10-39 
ports 
external bus enable 6-5 
I/O palette entries 18-12 
I/O PC XT and AC assignment 19-63 
2c B2-7, B3-5, D1-23, D1-24 
serial IC 2-14 
VMI 1.4 D1-23 
V-Port D1-23 
power 
bypassing B1-7, B2-10, B3-9 
conditioning B2-10, B3-9 
isolation B1-5 
management 2-3, 5-26, 8-5, 18-24 
management and BIOS 19-7 
plane B1-5, B2-10, B3-8 
power and ground pins D1-11, D1-19 
power-up configuration D1-30 
prefetch 
contro! 10-124 
current instruction address offset 10-128 
unit 15-5 
prefetch engine 
illegal instruction detect 10-129 
pointer 10-2 
prefetchable PCI 5-13 
primary character map 3-20 
primary map select 3-20 
PrintScreen, alternate handler 19-46 
programmable frequency synthesizer D1-23 
programming 
6-bit or 8-bit palette entries 18-22 
8-bpp LUT 18-20 
BCLK 18-9 
CRTC 18-7 
interface 5-9 
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programming (cont.) 
overview 14-8 
tips and tricks 14-15 
VCLK 18-9 
programming examples 
3D engine 15-74 
BitBLT 14-15 
byte BitBLT 
for color fills 14-19 
to off-screen cache 14-19 
color pattern BitBLT 14-18 
color transparency BitBLT 14-19 
copy frame buffer-to-host 14-18 
copy host-to-SRAM-to-frame buffer 14-18 
double buffering 15-75 
font loading 14-17 
format conversion 17-2 
hardware cursor 18-14 
initial width instruction modifier 15-75 
initializing the Rambus 18-2 
monitor identification 18-23 
monochrome pattern transparency mask 14-19 
monochrome-to-color BitBLT 14-18 
multi-buffering 15-75 
reading and using the examples 14-15 
resize 17-2 
simple source copy 14-17 
software cursor 14-17 
solid color fill 14-18 
stretches and shrinks 17-4 
text BitBLT 
foreground and background color 14-17 
monochrome font from host 14-17 
transparent background 14-17 
translate 17-2 
transparent monochrome cursor 14-19 
Z-collision detection 15-76 
programming model 
2D frame buffer 14-4 
2D graphics engine 13-2, 14-2 
3D graphics engine 13-8 
bi-endian support 13-6 
monochrome-to-color expansion 14-6 
patterns 14-5 
transparency 14-6 
VGA 13-2 
PV-Port (physical V-Port) 12-4—12-10, 16-2, 16-8 
Q 


quadrangles 15-27 

qword 
addressing 8-23 
monochrome count 9-40 
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R 
R_Ortho accumulator delta value 10-20 
RAC (Rambus access channel) 15-4 
RAC (Rambus ASIC cell) 
controls 6-5 
output drivers 6-6 
RAC bypass B4-4 
radio frequency interference B2-6, B3-5 
RAM 
CGA display 19-58 
EGA display 19-58 
EGA/VGA display 19-59 
HGC display 19-58 
MDA/HGC display 19-58 
top of system 19-59 
type 6-3 
Rambus 
access channel 15-4 
automatic configuration B1-7 
bank interleave 9-11 
BD_SAME bit 9-38 
board stacking B1-12 
broadcast 6-7 
built-in self test 6-5 
Channel A D1-8, D1-16 
Channel B D1-8, D1-17 
Channel B access B2-4 
channel clock B1-7 
channels B1-2 
channels ground plane B1-6 
clock 5-30, 7-9, 7-10, 18-9 
clock skew B1-8 
control current B1-7 
controlled impedance traces B1-11 
cycle request 8-24 
data 6-8 
device address 6-7 
device test only 6-5 
display memory B2-2, B3-2 
expansion socket B1-9 
initialization 6-4, 18-2 
initialization code example 18-2 
interface 15-4 
interface (RIF) 2-10, 6-3 
mask load cycle 9-50 
memory architecture D1-2 
memory options B2-4, B3-4 
ninth bit 9-36, 9-50 
PCB design rules B1-13 
PCB geometry B1-15 
RAC (Rambus ASIC cell) 6-5 
reference voltage B1-7 
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Rambus (cont.) 
register address 6-7 
row cache 2-10 
RSocket B1-9 
socket spacing B1-9 
terminators B1-9 
voltage swing B1-7 
VREF B1-10 
VTERM B1-10 
write enables 9-49 
Rambus registers. See the register index 
RAMDAC 
block clock enable 5-27 
data type identifier 9-36 
external 8-5 
LUT D1-23 
support D1-23 
raster operation 14-2 
RCLK test mode 5-24, B4-5 
RDRAM 
16/8-Mbit 6-3 
16-Mbit concurrent 6-3 
3.3V B2-10, B3-8 
32-Mbit concurrent 6-3 
64-Mbit concurrent 6-3 
array B1-8 
color destination 9-37 
initialization 6-3 
internal page size 7-12 
monochrome pattern 9-30 
scanline data 9-30 
read dot 19-26 
read mode 0. See modes 
read/write register instructions 15-43 
reference designs B1-2 
refresh rates D1-30 
REG.EXE Cl1-3 
register maps 
block addresses 16-3 
PV-Port 16-5 
VGA I/O D1-33 
video window 16-4 
VSM 16-6 
VV-Port 16-6 
registers 
2D engine programming 18-3 
2D Graphics Accelerator. See the register index 
3D Graphics Accelerator. See the register index 
BitBLT control 14-7 
CRTC 18-8 
double buffered 8-19 
Enhanced V-Port, summary 12-2 
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registers (cont.) 
Extended I/O, summary 4-2 
Graphics Accelerator 
3D Drawing, summary 10-3 
3D Engine Control, summary 10-53 
3D Engine Host Address, summary 10-136 
3D Engine HostXY Unit, summary 10-110 
3D Engine Mailbox, summary 10-120 
3D Engine Pattern RAM, summary 10-96 
3D Engine Prefetch Unit, summary 10-122 
Graphics Pipeline, summary 8-2 
Graphics Pipeline. See the register index 
graphics/video format 19-103 
header files 14-19 
/O-mapped 15-35 
mapping in BIOS 19-9 
memory-mapped 19-102 
memory-mapped 3D 15-30 
memory-mapped hardware cursor 18-11 
Miscellaneous, summary 7-2 
Miscellaneous. See the register index 
names and definitions 16-3 
OverScan 19-28 
PCI Configuration, summary 5-2 
posting and readback 16-7 
Rambus, summary 6-2 
read internal palette 19-28 
set block of color 19-30 
set border color 19-27 
set internal palette function 19-27 
set RAMDAC, external palette 19-29 
VGA Core, summary 3-2 
VGA Core. See the register index 
VGA differences 18-6 
video pipeline programming 18-3 
video programming 16-3 
video source data 16-22 
resize BitBLT. See BitBLT 
resolution, maximum 2-2 
revision ID 5-8 
RGB B1-6 
RGB interpolators 10-74 
RIF (Rambus interface) 6-3, 15-4 
ROM BIOS. See BIOS 
ROM enable B4-4 
ROM expansion 5-16 
ROM pins D1-14 
ROMCS# enable 5-16 
ROP (raster operation) 14-2, 14-9 
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ROP engine 

OPO source 9-38 

OP1 source 9-38 

OP2 source 9-39 
ROP three operand 9-36 
rotate count 3-58 
row-scan counter 3-49 
runtime support 18-24 
S 


saturation-monochrome conversion 9-36 
save area table 19-103 
scanline 
counter 3-48 
hardware cursor Y field 8-20 
number per frame 3-5, 3-31 
odd field 4-3 
underline 3-45 
scanline counter 3-47 
scratch pad 19-10 
screen 
8 bpp B5-3 
enable/disable display 19-49 
format D1-26 
startA 3-39 
start A address 3-37, 3-38 
screen A 
panning 3-67 
preset row scan 3-33 
start 3-50, 4-7 
screen B 
panning 3-67 
start 3-50 
scrolling 3-50 
secondary character map 3-19 
secondary map select 3-19 
select block specifier 19-35 
select row-scan counter 3-49 
sequencer functions 
chain4 3-21 
extended memory 3-21 
Odd/Even 3-21 
Serial bus A 
serial clock in 7-7 
serial clock out 7-7 
serial data in 7-7 
serial data out 7-7 
Serial bus B 
serial clock in 7-8 
serial clock out 7-8 
serial data in 7-8 
serial data out 7-8 
series termination B1-7 


May 1997 


APPENDIX F1 — INDEX 


set background color 19-25 
set border color 19-25 
set/reset 

logic 3-58, 3-61 

plane 3-55 

plane enable 3-56 
shift register mode. See modes 
shrink logic 2-7 
signature generator 

display memory test B5-2 

enable/status 4-16, B5-2 

reset 4-16 

result 4-17 

video logic test B5-2 
sign-on message customization 19-12 
simple source copy example 14-17 
sleep mode 19-58 
soft scrolling 3-33 
software 

drivers C1-5, D1-3 

drivers kit C1-5 

reset 5-30 

support C1-2 

utilities. See utilities 
software cursor example 14-17 
solid color fill example 14-18 
source operand 9-38 
split-screen panning 3-67 
SRAM 

address 9-33 

BitBLTs and 14-8 

color 9-37 

color pixel data 14-4 

scratch pad memories 2-7 

texture cache 10-94 
standard VGA video modes. See modes 
stereo enable 8-22 
strapping option 18-22 
strapping options 5-21 
stretch logic 2-7 
subsystem vendor ID 5-14, 5-15 
sum color values to grayshades 19-32 
summing-to-grayshades 19-48 
surface mount components B1-6 
switching. See BIOS, mode switching 
swizzle 

description 14-5 

enable 9-7 

monochrome data 9-6 
synchronous reset 3-16 
synthesizer B2-13 

See also frequency synthsizer 
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synthesizer reference B3-10 
system considerations, using other display adapters 
18-22 
system initialization. See initialization 
system memory 
3D display list memory 15-36 
base address registers 15-39 
color map buffer 15-37 
objects 15-35 
texture memory format 15-38 
Z-buffer 15-37 
T 
TAG_MASK register. See the register index; 2D 
Graphics Accelerator 
telephone number (BBS) C2-2 
teletype write string 19-49 
test mode. See modes 
tests 
2D engine B7-17 
3D engine B7-18 
BIOS B7-17 
BitBLT engine _B7-9 
display B7-10 
display path B7-11 
linear memory B7-14 
manufacturing tests B7-2 
memory B7-12 
pattern B7-12 
pinscan B6-2 
RAMDAC 
18-bit DAC B7-13 
24-bit DAC B7-14 
update information B7-19 
texel 
filtered 10-74 
host generated 10-74 
size 10-78 
write inhibiting 10-76 
texel mask 
maximum bounds 10-87 
minimum bounds 10-82 
text BitBLT. See BitBLT 
text cursor 
disable 3-35 
enable 3-35 
end 3-36 
location 3-39, 3-40 
skew 3-36 
start 3-35 
text modes. See modes 
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texture 
base point 10-26 
cache 10-72, 10-80 
control 1 10-81 
control 2 10-83 
coordinate 
initial 10-26, 10-27 
U component 10-27, 10-79 
V component 10-26, 10-78 
CPU-generated 10-117 
data 10-138 
data as light source 10-77 
exclusive compare color compare 10-81 
fetches 10-133 
formats 15-26 
inclusive compare color compare 10-81 
lookup table 8-4, 10-72 
See also TLUT 
map 10-115 
map filtering 10-76 
map, tiled 10-116, 10-117 
mapping 15-24, D1-25 
mapping function 10-72 
maps 
perspective-corrected 10-32-10-37 
subsequent drawing operations 10-70 
mask source 10-74 
transparent 10-81 
XY base address 10-80 
texture mapping D1-22, D1-25 
tile coordinate equations 18-17 
tiling 7-11, 7-12 
tiling translation 8-23 
TIMEOUT register. See the register index; 2D 
Graphics Accelerator 
timing 
enable 3-48 
interlaced 4-4 
parameters, non-standard 18-9 
timing diagrams 
AGP bus D1-39 
DCLK as input D1-45 
feature connector input D1-41 
feature connector output D1-42 
list of D1-37 
PCI bus D1-38 
Rambus D1-40 
RESET D1-46 
TV encoder out D1-44 
YUV port (VMI video) D1-43 
TLUT 8-4, 10-72 
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TLUT index address 
blue component loaded 8-4 
green component loaded 8-4 
red component loaded 8-4 
toggle 19-28 
trace 
controlled impedance B1-11 
spacing B1-14 
width B1-7, B1-14 
trade-off, RGB filter components B1-6 
transfer instructions 15-40 
translate operations 17-6 
translation 
physical memory 15-37 
virtual memory 15-35 
transmission line B1-6, B1-9, B2-6, B2-10, B3-5, 
B3-8 
transparency 
64-bit graphics engine D1-1 
color 14-6, 14-12 
draw operation 9-36 
monochrome 14-6, 14-12 
transparent BitBLT. See BitBLT 
transparent monochrome cursor example 14-19 
transparent texture 10-81 
triangles 
drawing 15-10-15-14 
flat 15-10 
with Gouraud shading 15-14 
TV output pins D1-18 
TV-Out 
format B4-6 
interface 12-6 
logic 12-14 
module clock 5-26 
NTSC mode 5-23 
PAL mode 5-23 
present B4-6 
U 
U space width 10-79 
underline location 3-34 
underline scanline 3-45 
units of measure used 1-3 
user options function 19-95 
utilities 
CLMODE C1-2, D1-3 
IBM I/O register test C1-3 
manufacturing test D1-3 
MFGTST.EXE (manufacturing test) C1-3 
OEMS! 19-12, D1-3 
OEMSI (OEM system integration) C1-4 
RAMBIOS D1-3 
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utilities (cont.) 
RAMBIOS.COM C1-2 
register C1-3 
register editor and viewer D1-3 
screen centering D1-3 
video mode configuration C1-2 
WINMODE C1-4, D1-3 
V 
VCLK 
data generator clock and 12-10 
denominator 4-15 
frequency 3-6 
numerator 4-15, 4-18 
post-scalar 4-15 
programming 18-9 
synthesizer 18-9, 18-10 
vector 19-13-19-69 
vector location 19-14 
vendor ID 5-3, 5-14, 5-15 
vendor-specific controls 5-29 
vertical 
counter 3-48, 8-29, 10-130 
position of cursor 8-20 
timing 2-14 
timing generator 3-25 
vertical blanking 
end 3-47, 4-4 
end overflow 4-4 
start 3-32, 3-34, 3-46, 4 
vertical display end 3-32, 3-43, 4-8 
vertical interrupt 
clear 3-42 
disable 3-42 
enable 3-42 
vertical retrace 
screen A preset rowscan 3-33 
start 3-32 
vertical sync 
end 3-42 
See also VSYNC 
start 3-41, 3-42, 4-8 
vertical total 3-31, 3-32, 3-42, 4-8 
VESA 
BIOS extended functions 19-7, 19-66 
compatibility 19-12 
VESA/VBE 
DDC functions 19-91 
mode numbers 19-66 
PM functions 19-87 
protected mode 19-69 
return status 19-69 
VBE functions 19-69, 19-70 
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VGA 
adapter 18-22 
BIOS functions 19-5-19-18 
core 2-11 
device register bits 5-28 
display switching 19-58 
inquire type 19-93 
operation B4-6 
programming model 13-2 
register differences 18-6 
sleep mode 19-58 
using other display adapters 18-22 
VGA compatibility D1-25 
VGA core D1-22 
VGA Graphics Controller. See the register index; VGA 
Core 
VGA graphics pipeline clock enable 5-27 
VGA palette snooping 5-5 
VGA register /O map D1-33 
vias B1-9, B2-6, B3-5 
video 
collection of information 19-51 
depth 16 bpp 8-7 
enable/disable BIOS function 19-47 
frame 8-19 
get current configuration 19-46 
get video state 19-27 
old video services pointer 19-14 
return installed memory function 19-94 
switch display 19-48 
window 8-7 
video capture 
auto smooth interlace support 16-16 
buffer start and pitch addresses 16-13 
clipping 16-10 
closed caption data 16-16 
data format 12-34, 12-35 
feature 16-8-16-17 
filtering 12-36, 16-13 
format conversion 16-16 
introduction 16-8 
resizing 12-23, 12-24 
resizing and filtering 16-12 
resizing mechanization 16-12 
shrink 12-23, 12-24 
shrink method 16-13 
shrink used with display zoom 16-13 
temporal decimation and skip 16-14 
VBI data 12-45, 16-16 
video enable 3-53, 3-65 
video modes. See modes 
video module interface B8-2 
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video pipeline 18-3, D1-23 
video playback acceleration D1-2 
video playback scaling 
back end D1-21 
frontend D1-21 
video programming 
overview 16-2 
registers 16-3 
resize BitBLTs 17-2 
video services 19-14 
video state 
restore 19-57 
saving 19-57 
video status mux 3-70 
video stream manager 12-19-12-48, 16-2 
video window 
display resizing 11-7 
LUT 11-35 
occlusion 11-21, 11-31 
pipeline clock enable 5-27 
pitch 11-20 
source data format 11-34 
source data start address 11-16 
video windows 
capabilities 16-18, 16-24 
controls 16-24 
description 16-18 
display resizing 16-20 
function 16-3 
interpolation 16-21 
mechanization 16-21 
occlusion 16-23 
screen position 16-19 
shrink 16-21 
source data size 16-20 
video source 16-21 
virtual memory translation 15-35 
virtual V-Port 12-12-12-18, 16-2 
VMI 
configuration 7-6 
configuration bits 7-6 
host interface 5-25, 7-3 
mode A. See modes 
mode B. See modes 
pins D1-14 
timeout 7-6 
timing 7-4 
VMI host interface 
configuration B8-2 
overview B8-2 
timing B8-5 
voice communication BIOS 19-58 
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voltage regulator B1-5 
V-Port 
data source 5-23, B4-6 
double buffer 9-12 
module clock enable 5-27 
MPEG decoder D1-2 
PCI adapter card concerns B1-4 
present B4-6 
teleconferencing D1-2 
TV tuner D1-2 
VSM (video stream manager) 12-19-12-48, 16-2, 
16-10 
VSYNC 
control 3-7 
display memory bandwidth 3-17 
filters on B2-7, B3-5 
GENLOCK enable 8-3 
polarity 3-5 
static programming 4-4 
VV-Port (virtual V-Port) 12-12-12-18, 16-2, 16-9 
WwW 
whiteness 9-36 
window 
scroll down function 19-22 
scroll up function 19-22 
window 1 8-17, 8-18 
window 1 enable 8-18 
window 2 8-14, 8-15 
window 2 enable 8-15 
window 3 8-13 
window 3 enable 8-13 
WINMODE utility. See utilities 
word D1-22 
write dot 19-26 
write mask 10-74 
write mode 0. See modes 
write mode 3. See modes 
write protect 3-42 
www access C2-4 
xX 
X address pattern lookup offset 10-69 
X byte offset address 10-80 
X major lines 10-16 
XMA address. See display memory 
XY 
bitmap pitch 10-118 
clipping 15-16 
color pattern 10-96 
dither pattern 10-96 
operations, starting coordinate programming 10- 
112 
stipple pattern 10-96 
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XY-to-linear conversion 15-35, 15-37 
Y 

Y address pattern lookup offset 10-69 
Y major lines 10-16 

Y offset programming 10-71 

Y scanline offset address 10-80 
YCrCb 2-3 

YUV 4:2:2 8-7 

Z 

Z buffer 10-23-10-119 

Z buffer, Y address translation 10-71 
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Z collision 
compare 10-68 
detection 15-76 
detection logic 10-59 
occlusion 15-17 
programming example 15-76 
Z value at 10-90 

Z hit 10-90 

Z interpolation 10-60 

Z location control 10-69 

Z value 10-68 

Z-buffering 15-16, 15-76, D1-22, D1-25 
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Numerics 


2D Graphics Accelerator 
ACCUM{X,Y} 9-16 
ALPHA_{A,B} 9-46 
BITMASK 9-49, 14-20 
BLT EXTR_EX 9-54 
BLTDEF 9-37 
BLTEXT 9-27 
BLTEXT_EX 9-53 
BLTEXT_XEX 9-53 
BLTEXTR_XEX 9-54 
CHROMA_CNTL 9-25 
CHROMA_LOWER 9-51 
CHROMA_UPPER 9-52 
CLIPLOR 9-43 
CLIPLOR_EX 9-58 
CLIPULE 9-42 
CLIPULE_EX 9-57 
COMMAND_PORT 9-15 
CONTROL 9-6, 14-20 
CONTROL2 9-14 
DRAWDEF 9-36 
HOST_DATA_PORT 9-61 
LINECTL 14-20 
LNCNTL 9-18 
LUMINANCE_ENH 9-17 
MAJ{X,Y} 9-16 
MBLTEXT 9-28 
MBLTEXT_EX 9-55 
MBLTEXT_XEX 9-55 
MBLTEXTR_EX 9-56 
MBLTEXTR_XEX 9-56 
MCLIPLOR 9-45 
MCLIPLOR_EX 9-60 
MCLIPULE 9-44 
MCLIPULE_EX 9-59 
MIN{X,Y} 9-16 
MONOQW 9-40 
OFFSET_2D 9-9, 14-20 
OP_opBGCOLOR 9-48 
OP_opFGCOLOR 9-47 
OP{0-2} op MRDRAM 9-30 
OP{0-2} opRDRAM 9-29 
OP{0-2} opSRAM 9-31 
OP{1—2} opMSRAM 9-33 
PATOFF 9-32 
PERFORMANCE 9-41 
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QFREE 9-8 
RESIZE{A-C}_opRDRAM 9-12 
SHRINKING 9-35 
SRCX 9-34 

STATUS 9-5 

STRETCH _CNTL 9-20 
STRETCH CTRL 14-20 
SWIZ_CNTL 9-13 
SWIZ_CTRL 14-5 
TAG_MASK 9-50, 14-21 
TILE_CTRL_2D3D 9-11 
TIMEOUT 9-10, 14-21 


2D graphics engine 18-3 
3D Graphics Accelerator 
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3D Drawing 
A_3D 10-38 
B 3D 10-10 
B_SPEC_3D 10-45 
D2U_MAIN_3D 10-33 
D2U_ORTHO_3D 10-35 
D2V_MAIN_3D 10-32 
D2V_ORTHO_3D 10-34 
DA_MAIN_3D 10-39 
DA_ORTHO_3D 10-41 
DB_MAIN_3D 10-19 
DB_ORTHO_3D 10-22 
DB_SPEC_MAIN_3D 10-48 
DB_SPEC_ORTHO_3D 10-51 
DG_MAIN_3D 10-18 
DG_ORTHO_3D 10-21 
DG_SPEC_MAIN_3D 10-47 
DG_SPEC_ORTHO_3D 10-50 
DR_MAIN_3D 10-17 
DR_ORTHO_3D 10-20 
DR_SPEC_MAIN_3D 10-46 
DR_SPEC_ORTHO_3D 10-49 
DU_MAIN_3D 10-29 
DU_ORTHO_3D 10-31 
DU_ORTHO_ADD_3D 10-37 
DV_MAIN_3D 10-28 
DV_ORTHO_3D 10-30 
DV_ORTHO_ADD_3D 10-36 
DWIDTH1_3D 10-15 
DWIDTH2_3D 10-16 
DX_MAIN_3D 10-11 
DY_MAIN_3D 10-16 
DZ_MAIN_3D 10-24 
DZ_ORTHO_3D 10-25 
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G_3D 10-9 
G_SPEC_3D 10-44 
OPCODE_3D 10-52 
R_3D 10-8 
R_SPEC_3D 10-43 
U_3D 10-27 

V_3D 10-26 
WIDTH1_3D 10-13 
WIDTH2_3D 10-14 
X_3D 10-6 

Y_3D 10-7 
Y_COUNT_3D 10-12 
Z.3D 10-23 


3D Engine Control 


BASEO_ADDR_3D 10-69 


BASE1_ADDR_ 3D 10-71 E 
Enhanced V-Port 


COLOR_MAX_BOUNDS._3D 10-67 
COLOR_MIN_BOUNDS 3D 10-64 
COLOR_REGO_3D 10-88 
COLOR_REG1_3D 10-89 
CONTROL_MASK_3D 10-54 
CONTROLO_3D 10-57 
CONTROL1_3D 10-68 
REVISION_3D 10-95 
STATUSO_3D 10-91 
TEX_SRAM_CTL_3D 10-94 
TX_CTLO_3D 10-72 
TX_CTL1_3D 10-81 
TX_CTL2_3D 10-83 
TX_XYBASE_3D 10-80 
X_CLIP_3D 10-92 

Y_CLIP_3D 10-93 
Z_COLLIDE_3D 10-90 


Host Address 


HOST_3D_DATA_PORT 10-137 
HOST_TEXTURE_DATA_PORT 10-138 


HostXY Unit 


HXY_BASEO_ADDRESS_PTR_3D 10-111 
HXY_BASEO_EXTENT_3D 10-113 
HXY_BASEO_START_3D 10-112 
HXY_BASE1_ADDRESS_PTR_3D 10-114 
HXY_BASE1_LENGTH_3D 10-117 
HXY_BASE1_OFFSET0_3D 10-115 
HXY_BASE1_OFFSET1_3D 10-116 
HXY_HOST_CTRL_3D 10-118 


Mailbox 


MAILBOX{0-3}_ 3D 10-121 


Pattern RAM 


PATTERN_RAM_0_3D 10-100 
PATTERN_RAM_1_3D 10-103 
PATTERN_RAM_2 3D 10-104 
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PATTERN_RAM_3 3D 10-105 
PATTERN_RAM_4_ 3D 10-106 
PATTERN_RAM_5 3D 10-107 
PATTERN_RAM_6_3D 10-108 
PATTERN_RAM_7_3D 10-109 


Prefetch Unit 
HOST_MASTER_CTL_3D 10-131 
PF_BASE ADDR_3D 10-123 
PF_CTL_3D 10-124 
PF_DEST_ADDR_3D 10-126 
PF_FB SEG 3D 10-127 
PF_INST_3D 10-135 
PF_INST_ADDR_3D 10-128 
PF_STATUS 3D 10-129 


PV_CAP 12-7 

PV_CONFIG 12-5 

PV_STAT 12-4 

PV_TEST 12-10 

PV-Port Capabilities 12-7 

PV-Port Configuration 12-5 

PV-Port Status 12-4 

PV-Port Test 12-10 

SM Horizontal Accumulator Step 12-23 
VSM Buffer Pitch 12-29 

VSM Capabilities Register 0 12-44 

VSM Capabilities Register 1 12-41 

VSM Control 12-38 

VSM Destination Data Format 12-35 

VSM Horizontal Filter Control 12-36 

VSM Horizontal Left 12-19 

VSM Horizontal Width 12-20 

VSM Primary Buffer Start Address 12-25 
VSM Primary Buffer UV Start Address 12-27 
VSM Secondary Buffer Start Address 12-26 
VSM Secondary Buffer UV Start Address 12-28 
VSM Source Data Format 12-34 

VSM Status 12-37 

VSM Temporal Decimation Factor 12-33 
VSM Temporal Decimation Factor Switch 12-31 
VSM Temporal Skip Factor 12-32 

VSM Temporal Skip Factor Switch 12-30 
VSM Test 0 12-48 

VSM Vertical Accumulator Step 12-24 

VSM Vertical Height 12-22 

VSM Vertical Top 12-21 

VSM_BPitch 12-29 

VSM_CAPO 12-44 

VSM_CAP1 12-41 
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VSM_CONTROL 12-38 
VSM_DST_FMT 12-35 
VSM_HACC_STP 12-23 
VSM_HFilterCtl 12-36 
VSM_PB_ADDR 12-25 
VSM_PBUV_ADDR 12-27 
VSM_SB_ADDR 12-26 
VSM_SBUV_ADDR 12-28 
VSM_SRC_FMT 12-34 
VSM_STATUS 12-37 
VSM_TESTO 12-48 
VSM_TMP_DEC 12-33 
VSM_TMP_DEC_SW 12-31 
VSM_TMP_SKP 12-32 
VSM_TMP_SKP_SW 12-30 
VSM_VACC_STP 12-24 
VSMHLEFT 12-19 
VSMHWIDTH 12-20 
VSMVHEIGHT 12-22 
VSMVTOP 12-21 
VV_CAP 12-18 
VV_CONTROL 12-15 
VV_LN_CMP 12-13 


VV_LN CNT 12-12 G 
GPIO Control 


VV_STATUS 12-14 

VV_TESTO 12-17 

VV-Port Capabilities 12-18 
VV-Port Control 12-15 

VV-Port Status 12-14 

VV-Port Test Register 0 12-17 
VV-Port Valid Line Compare 12-13 
VV-Port Valid Line Count 12-12 


Extended I/O 


CR19 4-3 

CRIA 4-4 

CRiB 4-5 

CR1iD 4-7 

CRiE 4-8 

CRTC Extended Display Control 4-5 
CRTC Interlace End 4-3 

CRTC Miscellaneous Control 4-4 
CRTC Screen Start A Extension 4-7 
CRTC Timing Overflow 4-8 
Denominator and Post-Scalar 4-15 
Extended Sequencer Mode 4-13 
GR9 4-9 

GRA 4-10 

Graphics Controller Mode Extensions 4-11 
GRB 4-11 

Offset Register 0 4-9 

Offset Register 1 4-10 
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SC1D 4-18 

Scratch Pad 0, 1, 2,3 4-14 
Signature Generator Control 4-16, B5-2 
Signature Generator Result 4-17 
SROB 4-15 

SROC 4-15 

SROD 4-15 

SROE 4-15 

SR14 4-14 

SR15 4-14 

SR18 4-16, B5-2 

SR19 4-17 

SR1A 4-17 

SR1B 4-18 

SR1C 4-18 

SR1E 4-18 

SR6 4-12 

SR7 4-13 

SR9 4-14 

SRA 4-14 

Unlock I/O Extensions 4-12 
VCLK 0, 1, 2, 3 Numerator 4-18 


VMI timing B8-4 


Graphics Pipeline 


CSL 8-10 

CSLC 8-11 

Current Scanline 8-10 
Current Scanline Comparison 8-11 
Cursor Address 8-23 

Cursor Preset 8-21 
CURSOR_X 8-19 
CURSOR_Y 8-20 

Display Threshold 8-24 
GENLOCK Support 8-3 
Graphics and Video Format 8-7 
Graphics Pipeline Test 8-26 
Miscellaneous Control 8-22 
Multi-Buffering Control 8-25 
Palette State 8-5 

Secondary Start Address 8-16 
SSA 8-16 

START _BLT_1 8-18 

START _BLT_2 8-15 
START_BLT_3 8-13 
STOP_BLT_1 8-17 
STOP_BLT 2 8-14 
STOP_BLT_3 8-12 

Test Horizontal Counter 8-28 
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Test Output 8-30 
Test Vertical Counter 8-29 
TLUT_LOAD 8-4 


| 
Indexed I/O 18-6 


Miscellaneous 
BCLK Denominator 7-10 
BCLK Multiplier 7-9 R 
Frame Buffer Cache Control 7-13 
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PCI2E 5-15 

PCI30 5-16 

PCI3C 5-18 

PCI3D 5-19 

PCIEC 5-21 

PCIF4 5-26 

PCIF8 5-28 

PCIFC 5-29 
VS_CLK_CONTROL 5-26 
VS_STRAP_OPT 5-21 


Serial Bus (I?C) A 7-7 Rambus 


Serial Bus (I?C) B 7-8 
Tiling Control 7-11 


RAC Control 6-5 
Rambus Data 6-8 


VMI Data 7-3 Rambus Transaction 6-7 
VMI Host Interface Configuration 7-6 RIF Control 6-3 
VMI Timing 7-4 Vv 
MMIO (memory-mapped I/O) addressing 15-34 
VGA Core 
P ARO-ARF. 3-66 
PCI Configuration AR10 3-67 
PCI Class Code 5-9 AR11 3-69 
PCI Command 5-5 AR12 3-70 
PCI Device ID 5-4 AR13 3-71 
PCI Expansion ROM Base Address Enable 5-16 AR14 3-72 
PCI Frame Buffer Base Address 5-12 ARX 3-65 


PCI Header Type 5-11 

PCI Interrupt Line 5-18 

PCI Interrupt Pin 5-19 

PCI Master Latency Timer 5-10 
PCI MMIO Base Address 5-13 
PCI Revision ID 5-8 

PCI Status 5-6 

PCI Subsystem ID 5-15 

PCI Subsystem Vendor ID 5-14 
PCI Vendor ID 5-3 

PCI Vendor Specific Control 5-29 
PCI VGA Shadow 5-28 

PCIOO 5-3 

PCIO2 5-4 

PCI04 5-5 

PCIO6 5-6 

PCIO8 5-8 

PCIO9 5-9 

PCIOD 5-10 

PCIOE 5-11 

PCH0 5-12 

PCI14 5-13 

PCl2c 5-14 
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Attribute Controller Index 3-65 


Attribute Controller Index Readback 3-53 


Attribute Controller Mode 3-67 
Attribute Controller Palette 3-66 


Attribute Controller Toggle Readback 3-52 


Color Plane Enable 3-70 
Color Select 3-72 
CRO 3-25 

CR1 3-26 

CR10 3-41 
CR11 3-42 
CR12 3-43 
CR13 3-44 
CR14 3-45 
CR15 3-46 
CR16 3-47 
CR17 3-48 
CR18 3-50 

CR2 3-27 

CR22 3-51 
CR24 3-52 
CR26 3-53 

CR3 3-28 
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CR4 3-29 

CR5 3-30 

CR6 3-31 

CR7 3-32 

CR8 3-33 

CR9 3-34 

CRA 3-35 

CRB 3-36 

CRC 3-37 

CRD 3-38 

CRE 3-39 

CRF 3-40 

CRTC Character Cell Height 3-34 
CRTC Horizontal Blanking End 3-28 
CRTC Horizontal Blanking Start 3-27 
CRTC Horizontal Display End 3-26 
CRTC Horizontal Sync End 3-30 
CRTC Horizontal Sync Start 3-29 
CRTC Horizontal Total 3-25 

CRTC Index 3-22 

CRTC Line Compare 3-50 

CRTC Mode Control 3-48 

CRTC Offset 3-44 

CRTC Overflow 3-32 

CRTC Screen A Preset Row Scan 3-33 
CRTC Screen Start Address High 3-37 
CRTC Screen Start Address Low 3-38 
CRTC Text Cursor End 3-36 

CRTC Text Cursor Location High 3-39 
CRTC Text Cursor Location Low 3-40 
CRTC Text Cursor Start 3-35 

CRTC Underline Row Scanline 3-45 
CRTC Vertical Blank End 3-47 
CRTC Vertical Blank Start 3-46 
CRTC Vertical Display End 3-43 
CRTC Vertical Sync End 3-42 

CRTC Vertical Sync Start 3-41 
CRTC Vertical Total 3-31 

CRX 3-22 

DAC State 3-12 

FC 3-7 

FEAT 3-8 

Feature Control 3-7 

GRO 3-55 

GR1 3-56 

GR2 3-57 

GR3 3-58 

GR4 3-59 

GR5 3-60 

GR6 3-62 

GR7 3-63 
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GR8 3-64 

Graphics Controller Bit Mask 3-64 
Graphics Controller Color Compare 3-57 
Graphics Controller Color Don’t Care 3-63 
Graphics Controller Data Rotate 3-58 
Graphics Controller Index 3-54 

Graphics Controller Miscellaneous 3-62 
Graphics Controller Mode 3-60 

Graphics Controller Read Map Select 3-59 
Graphics Controller Set/Reset 3-55 
Graphics Controller Set/Reset Enable 3-56 
Graphics Data Latches Readback 3-51 
GRX 3-54 

/O map D1-33 

Input Status Register 0 3-8 

Input Status Register 1 3-9 

MISC 3-5 

Miscellaneous Output 3-5 

Overscan (Border) Color 3-69 

Palette Address 3-11, 3-13 

Pixel Data 3-14 

Pixel Mask 3-10 

Pixel Panning 3-71 

Sequencer Character Map Select 3-19 
Sequencer Clocking Mode 3-17 
Sequencer Index 3-15 

Sequencer Memory Mode 3-21 
Sequencer Plane Mask 3-18 

Sequencer Reset 3-16 

SRO 3-16 

SR1 3-17 

SR2 3-18 

SR3 3-19 

SR4 3-21 

SRX 3-15 

STAT 3-9 


video pipeline 18-3 
Video Window 
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Video Window Brightness Adjust 11-25 
Video Window Capabilities Register 0 11-36 
Video Window Capabilities Register 1 11-33 
Video Window Chroma Key Maximum 11-24 
Video Window Chroma Key Minimum 11-23 
Video Window Color Key Maximum 11-22 
Video Window Color Key Minimum 11-21 
Video Window Control Register 0 11-29 
Video Window Control Register 1 11-28 
Video Window FIFO Threshold 11-27 
Video Window Horizontal Accumulator Seed 11- 
” 


Video Window Horizontal Accumulator Step 11- 
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Video Window Horizontal End 11-5 

Video Window Horizontal Source Data Size 11-6 

Video Window Horizontal Start 11-4 

Video Window Primary Source Data Start Ad- 
dress 11-16 

Video Window Primary Source Data UV Start Ad- 
dress 11-18 

Video Window Secondary Source Data Start Ad- 
dress 11-17 

Video Window Secondary Source Data UV Start 
Address 11-19 

Video Window Source Data Pitch 11-20 

Video Window Test Register 0 11-39 

Video Window Vertical Accumulator Seed A 11- 
14 

Video Window Vertical Accumulator Seed B 11- 
15 

Video Window Vertical Accumulator Step 11-12 

Video Window Vertical End 11-11 

Video Window Vertical Start 11-10 

Video Window Z-Order 11-26 

VW_BRIGHT_ADJ 11-25 

VW_CAPO 11-36 

VW_CAP1 11-33 
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VW_CHRMKEY_MAX 11-24 
VW_CHRMKEY_MIN 11-23 
VW_CLRKEY_MAX 11-22 
VW_CLRKEY_MIN 11-21 
VW_CONTROLO 11-29 
VW_CONTROL1 11-28 
VW_FIFO_THRSH 11-27 
VW_HACCUM_SD 11-9 
VW_HACCUM_STP 11-7 
VW_HEND 11-5 
VW_HSDSZ 11-6 
VW_HSTRT 11-4 
VW_PSD_ADDR 11-16 
VW_PSD_UVSTRT_ADDR 11-18 
VW_SD_PITCH 11-20 
VW_SSD_ADDR 11-17 
VW_SSD_UVSTRT_ADDR 11-19 
VW_TESTO 11-39 
VW_VACCUM_SDA 11-14 
VW_VACCUM_SDB 11-15 
VW_VACCUM_STP 11-12 
VW_VEND 11-11 
VW_VSTRT 11-10 
VWZ_ORDER 11-26 
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May 1997 Reader Response Card 


Please help us provide the best documentation possible by answering these questions and return- 
ing this card. 


Mail: Cirrus Logic Inc., Technical Publications Manager 
3100 W. Warren Ave., Fremont, CA 94538 


Fax: (510) 226-2240 
email: publications@corp.cirrus.com 
Does this manual adequately help you understand and use the CL-GD5465? Please comment. 


How do you use this book — did you (or will you) read it completely, or do you use it mainly as a 
reference? 


Are Chapters 1 and 2 (Introduction and Overview) effective? 


Is the manual well-organized? Please comment. 


What would you do to improve this manual? 


Do you reference the manual appendixes? 


Thank you for taking the time to fill out this card. 
Your Name/Job Title: 


Company: 
Address: 


Comments: 
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